(19) 



J 



Europaisches Patentatnt 
European Patent Office 
Office europ6en des brevets 



(12) 



(11) EP0 651 009 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
25.03.1998 Bulletin 1998/13 

(21) Application number: 94116491.5 

(22) Date of filing: 19.10.1994 



(51) Intel 6; C08L 21/00, C08L23/16, 
C08L 23/22 



(54) Thermoplastic elastomer composition 

Thermoplastlsche Elastomer-Zusammensetzung 
Composition k base d*6lastom^re thermoplastlque 



CQ 
O) 

o 
o 

10 

o 
in 



(84) Designated Contracting States: 
DE FR GB IT NL 

(30) Priority: 21.10.1993 JP 263910/93 
01.12.1993 JP 301795/93 
01.12.1993 JP 301796/93 

(43) Date of publication of application: 
03.05.1995 Bulletin 1995/18 

(73) Proprietor: SUMITOMO BAKELITE COMPANY 
LIMITED 
Tokyo 100 (JP) 



(72) Inventors: 

• Tsujimoto, MotoyoshI 
Akashl-8hl(JP) 

• Miyake, Sumlya 
Yokohama-shI (JP) 

(74) Representative: Vosslus, Volker, Dr. et al 
Dr. Volker Vosslus, 

Patentanwaltskanziei - Rechtsanwaltskanzlel, 
Holbelnstrasse S 
81679 Munchen(DE) 



(56) References cited: 
EP-A- 0 435 173 



US-A- 4 803 244 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 75001 PARIS (FR) 



EP 0 651 009 B1 



Description 

BACKGROUND OF THE INVENTION 

s This invention relates to a thermoplastic elastomer composition. More particularly, this invention relates to a novel 

thermoplastic elastomer composition which Is rich inflexibility and excellent in rubber elasticity over a broad temperature 
range, high-temperature creep characteristics, low-temperature impact resistance, mechanical strength and moldabil* 
ity, have good oil resistance, good light discoloration resistance and extremely excellent toning properties in spite of 
thermoplastic elastomer, and can be used as a material for various moldings. 

10 Thermoplastic elastomers which are rubbery solt materials, which do not require a curing step and which have the 
same moldability as thermoplastic resins, have recently been utilized in the fields of automobile parts, domestic appli- 
ance parts, wire-coating materials, medical parts, miscellaneous goods, and footwear. 

Typical examples of the structure of a thermoplastic elastomer includes a type in which a hard segment and a soft 
segment are alternately present in a copolymer chain as disclosed in Japanese Patent Application Kokai No. 61 -34,050. 

75 By varying the proportion of each segment, thermoplastic elastomers of various grades from flexible to rigid have been 
produced. 

Moreover, there are different kinds of thermoplastic elastomers derived from inexpensive and easily available 
materials. That is to say, as disclosed in Japanese Patent Application Kokoku No. 53-21,021, a thermoplastic blend 
of a monoolefin copolymer rubber partially crosslinked with an organic peroxide and a polyolefin resin, and a partially 

20 crosslinked composition obtained by melt-kneading a monoolefin copolymer rubber and a polyolefin resin using an 
organic peroxide as a crosslinking coagent, correspond to the above different kinds of thermoplastic elastomers. 

However, in the case of the former thermoplastic elastomer having such a structure that a hard segment and a 
soft segment are alternately present in the copolymer chain, it is necessary for the copolymer to contain a large amount 
of the soft segment for obtaining a flexible thermoplastic elastomer. Usually, the soft segment is low in tensile strength 

2S and inferior in heat resistance, flow properties and oil resistance, and hence, the flexible thermoplastic elastomer con- 
taining a large amount of such a soft segment is also low in tensile strength and inferior in heat resistance, flow properties 
and oil resistance, and therefore, cannot be applied to various uses over a broad range. 

When thermoplastic elastomers of various flexibility grades are intended to be synthesized by a multistage syn- 
thesis process, it is necessary to separately synthesize the soft segment and the hard segment, so that the pofymer- 

30 ization apparatus becomes very complicated and also it is very difficult to control the properties and proportion of each 
segment in the polymerization stage. Moreover, in some cases, many defective products are produced at the time of 
change of the grade. Furthermore, the recovery of the polymer produced is very difficult because a large amount of. 
rubbery material is contained in the polymer. 

In the case of the latter thermoplastic elastomer composition having such a structure that a partial crosslinking 

35 has been imparted to a monoolefin copolymer rubber which is one of the constituents, the oil resistance and the shape 
recovery at high temperatures are insufficient because of the partial cross-linking, so that the thermoplastic elastomer 
cannot be applied in various uses over a broad range. Also, since an organic peroxide is used, the polymer chain is 
cut by a radical resulting from the organic peroxide simultaneously with the crosslinking and a reduction of mechanical 
strength is observed. Japanese Patent Application Kokoku No. 58-46,138 discloses a measure for overcoming the 

40 above disadvantages. This is such that a heat-reactive alkylphenol resin Is used as the cross-linking agent to allow 
only the crosslinking of the monoolefin copolymer rubber to proceed preferentially The thermoplastic elastomer ob- 
tained by this measure is completely crosslinked, and hence, is sufficient in oil resistance and shape-recovery at high 
temperatures. However, since the alkylphenol resin is used, the light discoloration resistance is greatly inferior, and 
hence, the thermoplastic elastomer cannot be applied to uses requiring the freedom of coloration such as automobile 

45 parts, domestic appliance parts and wire-coatings. 

Moreover, USP 4,803,244 proposes using an organosiloxane compound in place of the alkylphenol resin as a 
cross-linking agent. According to this method, it is possible to allow only the crosslinking of the monoolefin copolymer 
rubber to proceed preferentially similarly to the crosslinking with an alkylphenol resin, and a material extremely excellent 
in oil resistance, shape recovery at high temperatures, light discoloration resistance can be obtained, so that the re- 

50 suiting thermoplastic elastomer can be applied to uses such as automobile parts, domestic appliance parts and wire 
coatings which require freedom (any choice) of coloration. However, according to this method, no compatibilizing agent 
is used, and hence, the adhesion between the rubber and the resin is not sufficient, so that the impact resistance at 
low temperatures cannot be said to be sufficient. Therefore, such a thermoplastic elastomer cannot be applied to uses 
requiring impact resistance at low temperatures, for example, materials for air bag cover of an automobile. Also, in the 

55 case of a usual kneading method, the current situation is that since no compatibilizing agent is used the rubber dis- 
persion is not sufficient and hence the appearance of the extrusion-molded article is remarkably inferior. Therefore, as 
disclosed in USP 5,594,390, dynamic heat-treatment under a high shear of 2000/sec or higher has been proposed for 
solving the above problem. However, according to this method, the material is exposed to high shear though the res- 
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idence time is short, and therefore, the material per se tends to decompose and deteriorate. Moreover, in order to 
achieve high shear, it is necessary not only to increase the revolution rate in the melt-kneading but also narrow the 
clearance of a kneader to about 1/3 to 1/5 of that of a usual kneader Thus, said method is not practical in the aspect 
of productivity of a thermoplastic elastomer composition and durability of a kneader. 
5 By the known techniques which have been proposed by now, the essential problem has not been solved, that is, 

the morphologic change that the rubber dispersed by an annealing treatment is agglomerated again is still caused, 
and as a result, the current situation is that the thermoplastic elastomer compositbn cannot be used in the automobile 
field wherein the long term reliability of quality is required. 



10 SUMMARY OF THE INVENTION 



This invention has been made for solving the problem which has been difficult to solve by a conventional thermo- 
plastic elastomer composition. 

That is, it is the object of this invention to provide a thermoplastic elastomer composition which can maintain good 
75 rubber characteristics over a broad temperature range, which has characteristics of low-temperature impact resistance, 
wide freedom of cotoratbn and low residual heavy metal content and which can be applied to various uses in a wide 
range including a use in which toning is required and a use in which hygienic properties and long^erm reliability are 
required. 

The present inventors have developed their research based on the technical idea that the selective crosslinking 

20 of a rubber is conducted by using, as a crosslinking agent, an organosiloxane compound having at least two SiH groups 
in the molecule which compound is excellent in light discoloration resistance and applicability to living organisms and 
has characteristics of selectively crosslinking a rubber, and by crosslinking a rubber while melt-kneading the rubber 
with a hydrosilylating catalyst, and that the bonding strength at the interface between the rubber and a thermoplastic 
resin is increased with a compatibilizing agent to highly disperse the crosslinked rubber particles without relying on 

2S only mechanical shearing force. As a result, they have found that a thermoplastic elastomer composition which has 
good rubber characteristics over a broad temperature range and which can be applied to various uses in a wide range 
including uses which require low-temperature impact resistance, free coloration and good appearance of molded ar- 
ticles can be obtained by a usual kneader under very common sensible melt-kneading conditions that the shear rate 
is 100 to 1 ,000/sec. Based on this knowledge, further research have been made to complete this invention. It has also 

30 been found that since the thermoplastic elastomer composition produced by this invention has undergone a compat- 
ibilizing treatment, a morphological change is difficult to cause even when the thermoplastic elastomer composition is 
subjected to annealing treatment, and therefore, it is extremely excellent also in long term reliability. 

According to this Invention, there is provided a thermoplastic elastomer composition obtained by dynamically heat- 
treating a mixture of (a) a carbon-to-carbon double bond-containing rubber, (b) a thermoplastic resin, (c) an organosi- 

55 loxane crosslinking agent having at least two SiH groups in the molecule, (d) a hydrosilylating catalyst and (e) a com- 
patibilizing agent, particularly a mixture of (a) 100 parts by weight of a carbon-to-carbon double bond-containing rubber 
with (b) 5 to 300 parts by weight of a thermoplastic resin, (c) 0.5 to 30 parts by weight of an organosiloxane crosslinking 
agent having at least SiH groups in the molecule, (d) 0.001 to 20 parts by weight of a hydrosilylating catalyst, (e) 0.5 
to 20 parts by weight of a compatibilizing agent and, if necessary, (f) 30 to 300 parts by weight of a paraffinic oil, wherein 

40 

(1) the carbon-to-carbon double bond-containing rubber (a) is at least one member selected from the group con- 
sisting of ethylene-a-olefin-non-conjugated diene copolymer rubber, vinyl aromatic compound-conjugated diene 
compound copolymer rubber, butadiene rubber and butyl rubber; the thermoplastic resin (b) is at least one member 
selected from the group consisting of polyolefin resin, polyester resin, polyamide resin and polycarbonate resin; 
45 and the compatibilizing agent (e) is at least one member selected from the following epoxy-modified compatibilizing 

agents (e-3), (e-4) and (e-5): 



(e-3): an epoxy-modified hydrogenated block copolymer obtained by hydrogenating a copolymer comprising 
at least two terminal blocks each consisting mainly of a vinyl aromatte compound and at least one intermediate 
so polymer block consisting mainly of a conjugated diene compound, 

(e-4) : an epoxy-modified ethylene-a-olefin (-non-conjugated diene) copolymer rubber, and 
(e-5): an epoxy-modified polyolefin resin, or 

(2) the carbon-to-carbon double bond<ontaining rubber (a) is at least one member selected from the group con- 
55 sisting of ethylene-a-olefin-non-conjugated diene copolymer rubber, vinyl aromatic compound-conjugated diene 

compound copolymer rubber, butadiene rubber and butyl rubber; the thermoplastic resin (b) is at least one member 
selected from the group consisting of polyolefin resin and polyamide resin; and the compatibilizing agent (e) is at 
least one member selected from the following maleic anhydride-modified compatibilizing agents (e-6), {e-7) and 



3 



EP 0 651 009 B1 



(e-8): 

(e-6) : a maleic anhydride-modified hydrogenated block copolymer obtained by hydrogenating a copolymer 
comprising at least two terminal blocks each consisting mainly ot a vinyl aromatic compound and at least one 
5 intermediate block consisting mainly of a conjugated diene compound, 

(e-7): a maleic anhydride-modified ethylene-a-olefin(-non-conjugated diene) copolymer rubber, and 
(e-8): a maleic anhydride-modified polyolefin resin, or 

(3) the carbon-to-carbon double bond-containing rubber (a) is at least one member selected from the group con- 
10 sisting of ethylene-a-olefin-non-conjugated diene copolymer rubber, vinyl aromatic compound-conjugated diene 

compound copolymer rubber, butadiene rubber, butyl rubber, a.p-unsaturated nitrile-conjugated diene copolymer 
rubber and acrylic rubber; the thermoplastic resin (b) is at least one member selected from the group consisting 
of polyolefin resin, polyester resin, polyamide resin, polycarbonate resin, vinyl chloride resin and methacrylate 
resin; and the compatibilizing agent (e) is (e-9) a modified polyolefin resin having epoxy group and ester group in 
^5 the same molecule, or 

(4) the carbon-to-carbon double bond-containing rubber (a) is at least one member selected from the group con- 
sisting of acrylic rubber and a,p-unsaturated nitrile-conjugated diene copolymer rubber; the thermoplastic resin 
(b) Is at least one member selected from the group consisting of vinyl chloride resin, polyurethane resin and meth- 
acrylate resin; and the compatibilizing agent (e) is (e-10) at least one member selected from the group consisting 

20 of hatogenated olefin resin, vinyl chloride-vinyl acetate copolymer and vinyl aromatic compound-a,p-unsaturated 

nitrile-conjugated diene copolymer, or 

(5) the carbon-to-carbon double bond-containing rubber (a) is an ethylene-a-olefin-non-conjugated diene copoly- 
mer rubber; the thermoplastic resin (b) is a crystalline olefin resin; and the compatibilizing agent (e) is at least one 
member selected from the following compatibilizing agents (e-11), (e-12) and (e-13); 

25 

(e-11): a comptibitizing agent prepared by melt-reacting a polypropylene resin having epoxy group as an es- 
sential component with at least one member selected from the group consisting of metal anhydride-modified 
resins such as polyethylene having maleic anhydride group In the molecules, ethylene copolymer having 
maleic anhydride maleic anhydride group in the molecule, its hydrogenated product, styrene random copoly- 

30 mer having maleic anhydride group in the molecule and Its hydrogenated product, 

{e-12): a compatibilizing agent prepared by melt-reacting a polypropylene having maleic anhydride group in 
the molecule as an essential component with at least one epoxy-rhodified resin selected from polyethylene 
having epoxy group in the molecule, ethylene copolymer having epoxy group in the molecule, styrene block 
copolymer having epoxy group in the molecule, its hydrogenated product, styrene random copolymer having 

35 epoxy group in the molecule and its hydrogenated product, and 

(e-13): a compatibilizing agent prepared by dynamically heat-treating, in the presence of a peroxide, a blend 
of a polypropylene as an essential component with at least one resin selected from the group consisting of 
polyethylene, ethylene copolymer, styrene block copolymer, its hydrogenated.product, styrene random copol- 
ymer and its hydrogenated product. 

40 

The carbon-to-carbon double bond-containing rubber (a) used in this invention is not particularly limited, and in- 
cludes all generally commercially available rubbers containing carbon-to-carbon double bonds in the main chain and/ 
or side chains. Examples thereof include ethylene-a-olefin-non-conjugated diene copolymer rubbers; polybutadiene; 
polyisoprene; natural rubber; styrene-butadiene random copolymer rubber; styrene-isoprene random copolymer rub- 

45 ber; styrene-butadiene block copolymer rubber; styrene-isoprene block copolymer rubber; a, ^-unsaturated nitrile-buta- 
diene copolymer rubber such as acrylonitrile-butadiene copolymer rubber which is most often used as the a,p-unsatu- 
rated nitrile-conjugated diene copolymer rubber. There nr^y also be used partially hydrogenated rubbers prepared by 
partially hydrogenating the aliphatic double bonds contained in these rubbers to reduce the unsaturation degree. For 
example, partially hydrogenated rubbers having a hydrogenation degree of less than 80% may be used. These rubbers 

so may be used alone or even in the form of a blend of two or more. 

In the case of ethylene-a-olef in-non-conjugated diene copolymer rubber consisting of ethylene, a-olefin and non- 
conjugated diene, the a-olefin is suitably one having 3 to 15 carbon atoms, and as the non-conjugated diene, there 
may be used dicyclopentadiene, 1 ,4-hexadiene, ethylidenenorbornene and methylenenorbornene. In this invention, 
as the a-olefin, propylene is suitable in view of easy availability and improvement in impact resistance. That is, EPDM 

ss is preferable. In the ethylene-a-olefin-non-conjugated diene copolymer rubber, the ethylene/a-olefin weight ratio is 
preferably 50/50 to 90/1 0. more preferably 60/40 to 80/20. The Mooney viscosity ML^ ^(1 00'*C) of the rubber used can 
be selected from the range of 10 to 120, preferably 40 to 100. When a rubber having a Mooney viscosity of less than 
10 is used, neither preferable crosslinking is obtained nor improvement In compression set at high temperatures can 
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be expected, so that said Mooney viscosity is not desirable. Also, when a rubber having a Mooney viscosity of more 
than 120 is used, the moldability is extremely deteriorated and the appearance of the resultant molded article is inferior, 
so that such Mooney viscosity is also undesirable. The iodine value of this rubber is preferably 5 to 30, particularly 
preferably 10 to 20. 

s The thernfioplastic resin (b) used in this invention is effective for enhancing the processabillty and heat resistance 

of the composition obtained. 

Here, it is necessary that the thermoplastic resin be relatively inert to hydrosilylation in the crosslinking reaction 
of the rubber. Specific examples thereof Include crystalline or non-crystalline polyolefin resins; polystyrene resins such 
as ABS and polystyrene; vinyl chloride resins; polyamide resins; polyester resins; polycarbonate resins; polyacetal 

10 resins and polyphenylene ether resins. These resins may be used in combination of two or more. The crystalline olefin 
resin includes, for example, polyethylene, isotactic polypropylene, random and/or block copolymers of propylene and 
a small amount of another a-olefin, specifically propylene-ethylene copolymer, propylene-1 -hexene copolymer, and 
propylene-4-methyl-1 -pentene copolymer and poly-4-methyl-1 -pentene and potybutene. When as the crystalline olefin 
resin, isotactic polypropylene or its copolymer is used, those having an MFR (ASTM-D-1 238L, condition: 230**C) falling 

IS within the range of 0.1 to 50 g/10 minutes, particularly preferably 0.5 to 30 g/10 minutes can be used. 

The non-crystalline olefin resin is a homopolymer having a cyclic olefin structure or a copolymer of a cyclic olefin 
and an a-olefin. 

When a crystalline olefin resin or a vinyl chloride resin is used, the processabillty becomes particularly good and 
when a polyamide resin or a polyester resin is used, the heat resistance becomes good. 
20 The anriount of the thermoplastic resin (b) blended is 5 to 300 parts by weight, preferably 1 0 to 200 parts by weight, 

per 100 parts by weight of the rubber component (a). When the anriount exceeds 300 parts by weight, the hardness of 
the resulting elastomeric composition tends to become high and the flexibility tends to be lost, and when the amount 
is less than 5 parts by weight, the processabillty tends to become low. 

The crosslinking agent (c) for the rubber used in this invention is an organosiloxane compound having at least two 
2S SiH groups. This crosslinking method utilizes the selective addition reaction (hydrosilylation) of the SiH group to the 
unsaturated hydrocarbon in the rubber component. Since it is a necessary condition that the compound add to at least 
two molecules of the rubber in order for the compound to act as a cross-linking agent, it is necessary for the compound 
to have at least two SiH groups in the molecule. 

Typical specific examples of such a compound are cyclic polyslloxanes, linear polysiloxanes and compounds hav- 
30 ing a tetrahedron siloxane structure as shown below, and compounds and/or polymers derived from these compounds 
may be used. 
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[Linear polysiloxane] 
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wherein m is an integer of 3 to 30; n is an integer of 0 to 200; R is a hydrogen atom, an alkyi group, an alkoxy group, 
an aryl group or an aryloxy group; and at least two silicon atoms each having bonded thereto at least one R being a 

20 hydrogen atom are present in the molecule. 

An organositoxane having such a structure as mentbned above can selectively crosslink the rubber. 
The crosslinking catalyst (d) used in this invention includes all catalysts capable of accelerating the hydrosilylation 
reaction. Examples of the catalyst include transition metals of Group VIII such as palladium, rhodium and platinum; 
and compounds and complexes of the metats. Also, peroxides, amines and phosphines may be used. Moreover, ul- 

25 traviolet rays and y rays can be used. As the most general catalysts, famous are dichiorobis(acetonitrile)palladium (II), 
chlorotris(triphenylphosphlne)rhodium (I) and chloroplatinic acid. 

As the crosslinking catalyst (d) used In this invention, organic peroxide catalysts can be preferably used. Examples 
of the organic peroxide include 2,5-dimethyl-2,5-di(t-butylperoxy)hexane, 2,5-dimethyl-2,5-di(t-butylperoxy)hexine-3. 
1 ,3-bis(t-butylperoxyisopropyl)benzene, 1 ,1-di{t-butylperoxy)-3,5,5-trlmethyteyclohexane, 2,5-dimethyl-2,5-di(peroxy- 

30 benzoyl)hexine-3 and dicumyl peroxide. 

A system in which an organic peroxide is used in combination with a bismaleimide compound as a cocatalyst may 
be used as the catalyst. The bismaleimide compound used in this invention includes N.N'-m-phenylene bismaleimide 
and totuylene bismaleimide. As the N,N'-m-phenylene bismaleimide, there can be used, for example, commercially 
available HVA-2 (manufactured by Du Pont) and Soxinol BM (manufactured by Sumitomo Chemical Co., Ltd.). 

35 The use of the peroxide catalyst enables the thermoplastic elastomer composition obtained in this invention to be 

suitably used even for uses in which the residual heavy metal becomes a problem, for example, the medical field. 

In order to more highly disperse the catalyst, the hydrosilylating catalyst (d) can be dissolved in at least one liquid 
component or supported on at least one solid component. That is, a measure for dissolving in a solvent, supporting 
on an inorganic filler or a combination of the two can be used. The solvent used therein is not particularly limited; 

40 however, it is necessary for the solvent to be relatively inert to the hydrosilylating reaction. Examples of the solvent 
include hydrocarbon solvents, alcohol solvents, ketone solvents and ester solvents. The concentration of the solution 
to be prepared is not particularly limited. The inorganic filler is required to have an adsorbability, and includes calcium 
carbonate, carbon black, talc, magnesium hydroxide, mica, barium sulfate, natural silk:ic acid, synthetk; silicic acid 
(white carbon), and titanium oxide. The method of preparing the catalyst supported on a carrier may be any known 



The dynamically treated, namely dynamically vulcanized thermoplastic elastomer composition is so vulcanized a 
composition that the gel content indicated by the value 100 times the ratio of the dry weight of the insolubles remaining 
on a mesh to the weight of the component (a) contained in 1 g of the composition, said insolubles having been obtained 
by refluxing 1 g of the composition obtained in this invention for 10 hours in a Soxhiet extractor using boiling xylene 

so and filtering the residue obtained through an 80-mesh wire mesh, becomes at least 30%, preferably at least 50% 
(provided that the insolubles do not include the inorganic filler and the like), and is characterized in that said vulcani- 
zation is effected during the melt-kneading of the thermoplastic elastomer composition. 

In order to obtain said dynamk:ally vulcanized thermoplastic elastomer composition, the amount of the organosi- 
loxane crosslinking agent (c) added is in the range of 0.5 to 30 parts by weight, preferably 1 to 20 parts by weight, per 

55 100 parts by weight of the component (a), whereby the gel content can be controlled. The catalyst (d) is added in any 
amount within the range of 0.001 to 20 parts by weight per 100 parts by weight of the rubber component. When the 
catalyst is a heavy metal catalyst the amount thereof is preferably 0.005 to 5 parts by weight, more preferably 0.01 to 
2 parts by weight. Also, when the catalyst is a peroxide catalyst, the amount thereof is preferably 0.01 to 15 paits by 



45 



method. 
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weight, more preferably 0.1 to 10 parts by weight. When the amount is less than 0.001 part by weight in the above 
case, the crosslinking does not proceed at a practical speed. When the amount exceeds 20 parts by weight, no effect 
of the Increased amount is obtained, the deactivated catalyst remains in the form of black granular structure to dete- 
riorate the appearance, and heat treatment tends to cause undesirable side reactions (decomposition of unreacted 
5 SiH group). 

The compatibillzing agent (e) used in this invention contains a component having an affinity to the rubber and a 
component having an affinity to the thermoplastic resin in one and the same molecule and hence acts like a surface 
active agent, whereby the rubber vulcanized under the usual kneading conditions (shear rate: 100-1,000/sec) is dis- 
persed in the form of fine particles having a size of 30 microns or less, the bonding strength at the interface between 

10 the vulcanized rubber and the thermoplastic resin Is enhanced and the low-temperature impact resistance is remarkably 
improved. As far as the above purpose is met, the structure of monomer, oligomer and polymer as the compatibillzing 
agent is not particularly limited. As the general structure of the compatibillzing agent (e), it is necessary that the com- 
patibillzing agent has a component molecularly compatible with the rubber (a) and a component molecularly compatible 
with the thermoplastic resin (b) in the same molecule; however, for a combination of a usual resin with a usual rubber, 

15 in the case of polymers of single monomers, only a few thereof can have an affinity to both the resin and the rubber 
which are different in their molecular structures. Accordingly, in general, the compatibillzing agent is preferably a block 
copolymer, a random copolymer or a graft copolymer In which at least two monomers are polymerized. Such copolymers 
may be commercially available ones or may be prepared as desired. 

A styrene copolymer is an example of the commercially available copolymer used as a compatibillzing agent for 

20 a combination of a hydrocarbon rubber such as ethylene-propylene-diene terpolymer (EPDfyy)) and butyl rubber with a 
thermoplastk: resin, particularly a polystyrene resin, a polycarbonate resin, a polyphenylene ether resin and a polyolefin 
resin. The styrene copolymer includes styrene-butadiene copolymers (including all of random copolymer, block co- 
polymer and graft copolymer) and their hydrogenated products. More specifically, there are mentioned styrene-buta- 
dlene-styrene copolymer (SBS), hydrogenated styrene-butadiene styrene copolymer (SEBS), isoprene-styrene copol- 

25 ymer. hydrogenated isoprene-styrene copolymer (SEP), styrene-isoprene-styrene copolymer (SIS) and hydrogenated 
styrene-isoprene-styrene copolymer (SEPS). AnrK>ng them, SEBS, SEP and SEPS are styrene elastomers which are 
preferably used to markedly improve the low-temperature Impact resistance. The styrene content is preferably 10 to 
80% by weight, more preferably 30 to 70% by weight, and most preferably 40 to 70% by weight. 

Some kinds of typical structures of the compatibillzing agent are mentioned below, and combinations of the carbon- 

30 to-carbon double bond-containing rubber (a) with the thermoplastic resin (b) on which combination each of the com- 
patibillzing agents exhibits sufficiently its effect, are also shown below. 

When the compatibilizing agent (e) is at least one compatibilizing agent selected from the following compatibilizing 
agents (e-1) and (e-2). It Is preferably applied to a combination of at least one member selected from the group con- 
sisting of ethylene-a-olefin-non-conjugated diene copolymer rubber, vinyl aromatic compound-conjugated diene com- 

35 pound copolymer rubber, butadiene rubber and butyl rubber as the carbon-carbon double bond-containing rubber (a) 
with at least one member selected from the group consisting of polyolefin resin, polystyrene resin, styrene copolymer 
and polyphenylene ether resin as the thermoplastic resin (b): 

(e-1): a hydrogenated block copolymer obtained by hydrogenating a copolymer comprising at least two terminal 
40 blocks each consisting mainly of a vinyl aromatic compound and at least one intermediate polymer block consisting 

mainly of a conjugated diene compound and 
(e-2): an ethylene-a-olefin copolymer. 

The above-mentioned combinations of the carbon-to-carbon double bond-containing rubber (a) with the thermo- 
45 plastic resin have relatively good compatibility. However, the use of a compatibilizing agent in which the block compo- 
nents have good affinity to both the rubber and the thermoplastic resin as In (e-1) enables the production of a highly 
functional thermoplastic elastomer composition. The compatibilizing agent (e-2) exhibits an improving effect particularly 
on poor fluidity and bad dispersion caused during the melt-kneading of the carbon-to-carbon-double bond-containing 
rubber (a) and the thermoplastic resin (b) because of their large molecular weights though the component (a) and the 
so component (b) are inherently good in compatibility with each other. 

When the compatibilizing agent (e) is at least one member selected from the following epoxy-modifled compatibi- 
llzing agents (6-3), (e-4) and (e-5), it is preferably applied to a combination of at least one member selected from the 
group consisting of ethylene-a-olefin-non-con]ugated diene copolymer rubber, vinyl aromatic compound-conjugated 
diene copolymer rubber, butadiene rubber and butyl rubber as the carbon-to-carbon double bond-containing rubber 
55 (a) with at least one member selected from polyolefin resin, polyester resin, polyamide resin and polycarbonate resin 
as the thermoplastic resin (b): 

(e-3): an epoxy-modifled block copolymer obtained by hydrogenating a copolymer comprising at least two terminal 
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blocks each consisting mainly of a vinyl aromatic compound and at least one intermediate polymer block consisting 

mainly of a conjugated diene compound, 

(e-4): an epoxy-modified ethylene-a-olefin(-nonconjugated diene) copolymer rubber, and 
{e-5): an epoxy-modified polyolefin resin. 

5 

In this combination, the thermoplastk: resin except a polyolefin resin has a group capable of reacting with the epoxy 
group, and by reacting said group with the epoxy group, a graft copolymer having an affinity to each of the carbon-to- 
carbon double bond-containing rubber (a) and the thermoplastic resin (b) is formed. This graft copolymer enables the 
vulcanized rubber to be highly dispersed in the thermoplastic resin. Even when the thermoplastic resin is a polyolefin 
10 resin, the vulcanized rubber can be highly dispersed in the thermoplastic resin because the compatibilizing agent per 
se has an affinity to the two. 

When the compatibilizing agent (e) is at least one member selected from the following maleic anhydride-modified 
compatibilizing agents (e-6), (e-7) and (e-8), It can be preferably applied to a combination of at least one member 
selected from the group consisting of ethylene-a-olefin-non-conjugated diene copolymer rubber, vinyl aromatic com- 
15 pound-conjugated diene copolymer rubber, butadiene rubber and butyl rubber as the carbon-to-carbon double bond- 
containing rubber (a) with at least one member selected from the group consisting of polyolefin resin and polyamkle 
resin as the thermoplastic resin (b): 

(e-6): a maleic anhydride-modified hydrogenated block copolymer obtained by hydrogenating a copolymer com- 
20 prising at least two terminal blocks consisting mainly of a vinyl aromatic compound and at least one intermediate 

polymer block consisting mainly of a conjugated diene compound, 

(e-7): a maleic anhydride-modified ethylene-a-olefin(-non-conjugated diene) copolymer rubber, and 
(e-8): a maleic anhydride-modified polyolefin resin. 

25 In this combination, the thermoplastic resin except a polyolefin resin has a group capable of reacting with maleic 

anhydride group, and by reacting said group with the maleic anhydride group, a graft copolymer having an affinity to 
each of the carbon-to-carbon double bond-containing rubber (a) and the thermoplastic resin (b) is formed. This graft 
copolymer enables the vulcanized rubber to be highly dispersed in the thermoplastic resin. Even when the thermoplastic 
resin is a polyolefin resin, since the compatibilizing agent per se has an affinity, the vulcanized rubber can be highly 

30 dispersed in the thermoplastic resin. This compatibilizing agent is particularly preferably used when the thermoplastic 
resin is a polyamide resin. 

Moreover, when the compatibilizing agent is (e-9) a modified polyolefin resin having epoxy group and ester group 
in the same molecule, it is preferably applied to a combination of at least one member selected from the group consisting 
of ethylene-a-olefin-nonconjugated diene copolymer rubber, vinyl aromatic compound-conjugated diene compound 
35 copolymer rubber, butadiene rubber, butyl rubber, a, ^-unsaturated nitrile-conjugated diene copolymer rubber and acryl- 
ic rubber as the carbon-to-carbon double bond-containing rubber (a) with at least one member selected from the group 
consisting of polyolefin resin, polyester resin, polyamide resin, polycarbonate resin, vinyl chloride resin and methacr* 
ylate resin as the thermoplastic resin (b). 

Since the compatibilizing agent Is a modified polyolefin resin having epoxy group and ester group in the same 
40 molecule, thermoplastic resins which can react or are compatible with the compatibilizing agent are in a broad range, 
and the graft copolymer produced has an Improving effect on the above-mentioned combination of the carbon-to- 
carbon double bond-containing rubber (a) with the thermoplastic resin (b). 

Also, when the compatibilizing agent is (e-10) at least one member selected from the group consisting of halogen- 
ated polyolefin resin, vinyl chloride-vinyl acetate copolymer and vinyl aromatic compound-a,p-unsaturated nitrile-con- 
45 jugated diene copolymer, it can preferably be applied to a combination of at least one member selected from the group 
consisting of acrylic rubber and a.p-unsaturated nitrile-conjugated diene copolymer rubber as the carbon-to-carbon 
double bond-containing rubber (a) with at least one member selected from the group consisting of vinyl chloride resin, 
polyurethane resin and methacrylate resin as the thermoplastic resin (b). 

Furthermore, examples of compatibilizing agent for a combination of, for example, a hydrocarbon rubber with a 
so polyolefin resin among the thermoplastic resins include the following compatibilizing agents (e-1 1 ), (e-1 2) and (e-1 3): 

(e-11): a conripatibilizing agent prepared by melt-reacting an epoxy group-containing polypropylene resin as an 
essential component with at least one member selected from carboxylic acid-modified resins such as polyethylene 
having carboxylic anhydride group and/or carboxyl group in the molecule, ethylene copolymer having carboxylic 
55 anhydride group and/or carboxyl group in the molecule, styrene block copolymer having carboxylic anhydride 

group and/or carboxyl group in the molecule, its hydrogenated product, styrene random copolymer having carbox- 
ylic anhydride group and/or carboxyl group in the molecule and its hydrogenated product, 
{e-1 2): a compatibilizing agent prepared by melt-reacting a maleic anhydride group-containing polypropylene resin 
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as an essential connponent with at least one member selected from epoxy-modifled resins such as epoxy group- 
containing polyethylene, epoxy group-containing ethylene copolymer, epoxy group-containing styrene block co- 
polymer, its hydrogenated product, epoxy group-containing styrene random copolymer and its hydrogenated prod- 
uct, and 

5 (e-1 3): a compatlbilizing agent prepared by dynamically heat-treating, in the presence of a peroxide, a blend of a 

polypropylene as an essential component with at least one resin selected from the group consisting of polyethylene, 
ethylene copolymer, styrene block copolymer, its hydrogenated product, styrene random copolymer and its hydro- 
genated product. 

10 The modified resin having maleic anhydride group and the modified resin having epoxy group which are used as 
the starting materials for the compatlbilizing agents (e-11) and (e-1 2) can be easily obtained by any known technique. 
That is, they are obtained by graft-copolymerization using a peroxide or copolymerizing the resin monomer components. 
These may also be commercially available ones. 

The modified resin having maleic anhydride group in the molecule used in this invention includes ethylenenacrylic 
IS acid-maleic anhydride terpolymer, ethylene-ethyl acrylate-maleic anhydride terpolymer, ethylene-methacrylic acid- 
maleic anhydride terpolymer, maleic anhydride-grafted polypropylenie, maleic anhydride-grafted polyethylene, maleic 
anhydride-grafted ethylene-propylene copolymer, maleic anhydride-grafted styrene-ethylene-butylene-styrene block 
copolymer, and maleic anhydride-grafted styrene-ethylene-butylene-styrene random copolymer. 

The modified resin having epoxy group used in this invention includes ethylene-glycidyl methacrylate copolymer, 
20 ethylene-acrylic acid-glycldyl acrylate terpolymer, ethylene-acrylate-allyl glycidyl ether terpolymer, ethylene-methacr- 
ylate-glycidyl acrylate terpolymer, ethylene-propylene-glycidyl methacrylate terpolymer, glycidyl methacrylate-grafted 
polypropylene, glycidyl methacry late-grafted styrene -ethylene-butylene-styrene block copotynfier and glycidyl meth- 
acrylate-grafted styrene-ethylene-butylene-styrene random copolymer. 

The compatlbilizing agents (e-11) and (e-1 2) used in this invention are obtained by subjecting to melt-reaction a 
2S composition consisting of the above-mentioned modified resin having maleic anhydride group in the molecule and the 
above-mentioned modified resin having epoxy group in the molecule with a batchwise kneading machine at 150 to 
250'*C for 5 to 30 minutes. Since a remarkable torque rise is caused during the melt-kneading, it is considered that 
some reactions have been caused between the modified resin having maleic anhydride group in the molecule and the 
modified resin having epoxy group in the molecule. Furthermore, since in the infrared absorption spectra of the com- 
30 patibillzing agents (e-ll) and (e-1 2), the characteristic absorptions of the epoxy group and maleic anhydride group 
contained in the starting materials have disappeared, it is considered that some reactions have been caused between 
the epoxy group and the acid anhydride group. 

The compatlbilizing agent (e-1 3) is obtained by subjecting to melt-reaction a blend of polypropylene as an essential 
component with at least one resin selected from the group consisting of polyethylene, ethylene-propylene copolymer 
3S rubber, styrene block copolymer, its hydrogenated product, styrene random copolymer and its hydrogenated product 
and an organic peroxide such as organic perester, and if necessary, a cocatalyst such as bismaleimide compound in 
a batchwise kneading machine at 150-250'C for 5 to 30 minutes to cocrosslink the blend. The amount of the organic 
peroxide catalyst added is preferably 0.0001 to 2 parts by weight per 1 00 parts by weight of the blend. When the amount 
of the organic peroxide is less than 0.0001 part by weight, the reaction does not proceed at a practical speed. When 
40 the amount is more than 2 parts by weight, no effect of increased amount is obtained and undesirable side reactions 
(decomposition of polypropylene, gelation reaction) are rather caused. 

In the case of the compatlbilizing agent (e-11) or (e-1 2), the modified resin having epoxy group and the modified 
resin having maleic anhydride group are blended at a weight ratio of the former to the latter of preferably 10:90 to 90: 
10, more preferably 70:30 to 30:70 and most preferably 60:40 to 40:60. and in the case of the compatibllizing agent 
45 (e-1 3). the polypropylene and the at least one resin selected from the specified group are blended at a weight ratio of 
the former to the latter of preferably 10:90 to 90:10, more preferably 70:30 to 30:70 and most preferably 60:40 to 40: 
60. When the proportion of any one of the components is less than 10% by weight, the improving effect on the bonding 
strength at the interlace becomes insufTicient, and the improving effect on the low-temperature impact resistance of 
the thermoplastic elastomer composition of this invention becomes insufficient. The compatlbilizing agents (e-11), (e- 
50 12) and (e-1 3) mentioned above are particularly effective when the thermoplastic resin is an olefin resin or the rubber 
is a hydrocarbon rubber such as EPDM or butyl rubber. 

The compatibllizing agent (e) is blended in an amount of 0.5 to 20 parts by weight, preferably 1 to 15 parts by 
weight, more preferably 2 to 1 0 parts by weight, per 1 00 parts by weight of the rubber component (a). When the amount 
is less than 0.5 part by weight, the effect on reducing the interfacial tension is lowered, and hence, the improving effect 
55 on the bonding strength at the interface is reduced, and the dispersed particles of vulcanized rubber tend to become 
large. Accordingly the improving effect on the low-temperature impact resistance of the thermoplastic elastomer com- 
position of this inventbn becomes insufficient and the appearance of the molded article tends to becomes inferior. 
Also, when the above amount exceeds 20 parts by weight, the hardness of the thermoplastic elastomer composition 
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of this invention becomes high, the iow-temperature impact resistance thereof tend to become inferior and no rubbery 
elasticity as elastomer tends to be exhibited. 

The paraffinic oil (f) used in this invention has an action to control the hardness of the composition obtained and 
give a flexibility thereto, and is added if necessary. Generally, a mineral oil type rubber-softening agent called as a 

5 process oil or extender oil for softening a rubber, increasing the volume and enhancing the processability is a mixture 
in which an aromatic ring, a naphthene ring and a paraffin chain are combined, and those in which the number of 
carbon atoms of the paraffin chain is 50% or more of the number of the total carbon atoms are called as paraffinic, 
those in which the number of carbons atoms of the naphthene ring is 30 to 45% of the number of the total carbon atoms 
is called as naphthenic, and those in which the number of carbon atoms of the aromatic ring exceeds 30% of the 

10 number of the total carbon atoms is called as aromatic. The oil used in this invention is preferably paraffinic in the 
above-mentioned classification, and the naphthenic and aromatic oils are not desirable in respect of dispersibility and 
dissolvability. The properties of the paraffinic softening agent for rubbers are such that the dynamic viscosity at 37.8*C 
is 20 to 500 est, the pour point is -10 to -1 5^*0, and the flash point is 1 70 to 300"C. 

The amount of the paraffinic oil (f) blended is 30 to 300 parts by weight, preferably 30 to 250 parts by weight per 

15 100 parts by weight of the rubber component (a). When the amount exceeds 300 parts by weight, the bleeding out of 
the softening agent tends to be caused, there is a fear that the final product may become tacky, and the mechanical 
properties tend to be deteriorated. Also, when the amount is less than 30 parts by weight, the effect of addition is not 
achieved. 

The thermoplastic elastomer composition of this invention exhibits superior performances in mechanical strength 

20 and high-temperature compression set as compared with the conventional thermoplastic elastomer composition par- 
tially crosslinked with an organic peroxide. It is also much superior in light discoloration resistance to the conventional 
thermoplastic elastomer composition completely crosslinked with a heat-reactlve alkylphenol resin. Moreover, the use 
of the compatibilizing agent results in a remarkable improvement In bonding strength at the interface between the 
rubber and the thermoplastic resin, and as compared with a thermoplastic elastomer composition crosslinked by only 

25 hydrosilylation with a heavy metal catalyst such as chloroplatinic acid as In the known technique, the low-temperature 
impact resistance is greatly improved and the appearance of the resulting molded article is markedly improved. 

In addition to the above-mentioned components, the composition of this invention may, if necessary, contain an 
inorganic filler particularly when it is applied to a use which does not require toning. This inorganic filler has a benefit 
of reducing the product cost as an extender, and furthermore positively contributes to the improvement of quality (shape 

30 retention resistant to heating and Imparting of flame retardance). The Inorganic filler includes, for example, calcium 
carbonate, carbon black, talc, magnesium hydroxide, mica, barium sulfate, natural silicic acid, synthetic silicic acid 
(white carbon) and titanium oxide, and as the carbon black, there may be used channel black and furnace black. Among 
these inorganic fillers, talc and calcium carbonate are economicalty advantageous and preferable. In addition, if nec- 
essary, nucleating agent, external lubricant, self-lubricating agent, hindered amine light stabilizer, hindered phenol 

35 antioxidant, coloring agent and silicone oil may be added. Also, other thermoplastic resins such as styrene block co- 
polymer (SBC), ethylene-a-olefin copolymer, thermoplastic urethane resin may be blended. 

The composition of this invention can be prepared by any general method which is used In the production of a 
usual resin composition or rubber composition. 

Basically, a mechanically melt-kneading method is used, and in this method, there are used a single screw extruder, 

40 a twin screw extruder, a Banbury mixer, various kneaders, Brabender and a roll mixer. In this case, the order of addition 
of each component is not limited, and, for example, the rubber and the resin may previously be pre-mixed by a mixer 
such as a Henschel mixer or a blender, then melt-kneaded by the above-mentioned kneader, subsequently the 
crosslinking agent and the catalyst components are added, the resulting mixture is subjected to dynamic vulcanization, 
thereafter the compatibilizing agent is added thereto, and the resulting mixture is kneaded. Alternatively when the 

^ scorching time of the rubber used Is sufficiently long, a method can be adopted which comprises previously melt- 
kneading the components other than the catalyst, further adding the catalyst thereto and melt-kneading the resulting 
mixture. In this case, the melt-kneading temperature is preferably selected from the range of from 1 80°C to 300*C and 
the shear rate is preferably selected from the range of from 100 to 1,000/sec. 

Moreover, it is possible to obtain the thermoplastic elastomer composition of this invention by first using the com- 

so ponents (a), (c), (d) and (f) to prepare a cured product of the rubber, adding the rough grinds of the cured product of 
the rubber to the remaining components and then melt-kneading the resulting mixture. The method of obtaining the 
cured product of the rubber is not particularly limited and all methods which are used in the production of a usual 
thermosetting resin composition or thermosetting rubber composition, can be used. 

Fundamentally, a mechanical melt-kneading method is used, and in this method, there are used a single screw 

55 extruder, a twin screw extruder, a Banbury mixer, various kneaders, Brabender and a roll mixer. In this case, the melt- 
kneading temperature can be preferably selected from the range of from 1B0"C to 300*C and the shear rate can be 
preferably selected from the range of from 100 to 1,000/sec. 

In order to roughly grind the cured rubber prepared through the above steps, a usual grinding method can be used 
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to achieve the grinding. That Is, a f reeze-grinding method using dry ice or liquid nitrogen Is preferably used. An inorganic 
filler can be used as a dusting powder. In this case, when a batchwise kneading machine such as a kneader is used 
and the rubber is sufficiently cured, the grinding step is not provided and the mixture is roughly ground in the kneader, 
so that the batchwise kneading machine is preferably used. 

5 The dynamically vulcanized elastomer composition thus obtained is thermoplastic, and hence, can be molded by 

use of a generally used thermoplastk: resin molding machine, and various molding methods can be applied such as 
injection molding, extrusion molding, calender molding and blow molding. That is to say. the dependency of the melt 
viscosity on shear rate is particularly large and, in the injection molding region of high shear rate, it follows that the 
mixture has a low viscosity and a high fluidity and can be easily injection-molded similarly to general purpose resins. 

10 Also, in the extrusion-blow molding region of middle shear rate, the mixture has a high viscosity to some extent and 
this results in a low drawdown, and hence, extrusbn-btow molding is easy. 

In this invention, a highly functional thermoplastic elastomer composition can be obtained under very sensible 
kneading conditions. That is to say the elastomer composition is excellent In flexibility, resistance to heat creep, low- 
temperature impact resistance and mechanical strength and exhibits excellent rubber elasticity over a wide temperature 

IS range. Moreover, the elastomer composition has good oil resistance and can be freely toned, so that the elastomer 
composKion can be preferably molded into automobile parts, domestic appliance parts, various wire coatings (for in- 
sulation and sheath) and various industrial parts, for which improvements are desired in oil resistance, rubber elasticity, 
mechanical strength, molding velocity, molding yield and freedom (any choice) of coloration. 

20 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

This invention is explained in more detail below referring to Examples; however, this invention should not be con- 
strued to be limited thereto. 

The components used in the following Examples and Comparative Examples are as follows: 

2S 

Component (a)(1 ), EPDM 

Ethylene-propylene-ethylidenenorbornene copolymer rubber [EP57C manufactured by Japan Synthetic Rubber 
Co., Ltd., propylene content: 28% by weight, Mooney viscosity MLi+4(100'*C): 90, bdine value: 15, Tg: -40*'C] 

30 

Component (a)(2). ANR 

Acrylonitrile-butadiene copolymer rubber [N240S manufactured by Japan Synthetic Rubber Co., Ltd., Mooney 
viscosity MLi+4(100'*C): 56, acrylonitrile content: 26% by weight] 

35 

Component (a)(3), SBR 

Styrene-butadiene copolymer rubber [JSR 1 503 manufactured by Japan Synthetb Rubber Co., Ltd., styrene con- 
tent: 23.5% by weight, Mooney viscosity MLi^(100**C): 75] 

40 

Component (a)(4): BuR 

Butyl rubber [JSR Butyl 268 manufactured by Japan Synthetic Rubber Co., Ltd., degree of unsaturation: 1 .5% by 
mole, Mooney viscosity ML^ ^(1 25'*C): 51 ] 

45 

Component (b)(1), PP 

Polypropylene [W501 manufactured by Sumitomo Chemical Co., Ltd., MFR (230'C): 8.0 g/10 min, heat distortion 
temperature: 115*C] 

so 

Component (b)(2), PET 

Polyethylene terephthalate [Dianite PA500 manufactured by Mitsubishi Rayon Co., Ltd.] 
SS Component (b)(3). Ny66 

Polyamide (PA)-66 [Ubenylon 2020B manufactured by Ube Industries, Ltd.] 
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Component (b)(4), PVC 

Vinyl chloride resin [Sumilite SX-17 manufactured by Sumitomo Chemical Co., Ltd.. straight, average degree of 
polymerization: 1700] 

Component (c)(1). SiH(1) 

1,3,5,7-Tetramethylcyclotetrasiloxane [manufactured by Toray*Dow Corning*Silicone Co., Ltd.] 
Component (c)(2), SiH(2) 

1 .1 ,3,3-Tetramethylditetrasiloxane [manufactured by Toray*Dow Corning«Silicone Co., Ltd.] 
Component (d)(1), Catatyst(1) 

Chloroplatinic acid hexahydrate [manufactured by Yasuda Yakuhin K. K.] 
Component (d)(2). Catalyst(2) 

Dicumyl peroxide [Percumyl D manufactured by NOP CORP.] 

Component (d)(3), .Catalyst(3) 

A catalyst prepared by supporting 1 g of a 1% by weight solution of the component (d)(1) in 2-propanol on 100 g 
of silica [Nipsil VN3 manufactured by Nippon Silica Co., Ltd.] 

Component (e-1), SEBS 

Styrene-ethylene-butylene-styrene copolymer (SEBS) [TUFTEC H1041 manufactured by ASAHI CHEMICAL IN- 
DUSTRY CO., LTD.] 

Component (e-3), EP-SEBS 

Epoxy-modified styrene-ethylene-butylene-styrene copolymer (SEBS) [TUFTEC Z514 manufactured by ASAHI 
CHEMICAL CO.. LTD.] 

Component (e-7), MAH-EP 

Maleic anhydride-modified ethylene-propylene copolymer [EP T7741 P manufactured by Japan Synthetic Rubber 
Co., Ltd.] 

Component (e-9), E-GMA-AM 

Ethylene-glycidyl methacrylate-methyl acrylate terpolymer [Bondfast 7M manufactured by Sumitomo Chemical 
Co.. Ltd.] 

Component (e-10), VA-PVC 

Vinyl acetate-vinyt chloride copolymer [Sumigraft GE manufactured by Sumitomo Chemical Co.. Ltd.] 
Component (e-1 2), PP-MAH 

To 1 00 parts by weight of polypropylene oligomer having an average molecular weight of 4,000 terminally modified 
with maleic anhydride was added 80 parts by weight of an epoxy-modified styrene-ethylene-butylene-styrene copoly- 
mer (TUFTEC Z514), and the resulting mixture was stirred sufficiently in a Henschel mixer and then melt-kneaded at 
about 200°C for 20 minutes by a kneader to form a roll sheet, after which the roll sheet was cooled to room temperature 
and then pelletized by a sheet pelietizer to prepare the compatibilizing agent (e-1 2). The infrared abortion spectrum 
of the compatibilizing agent (e-1 2) indicated that the characteristic absorptions due to epoxy group and acid anhydride 
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group contained in the starting materials disappeared, whereby it is considered that reaction was caused between the 
epoxy group and the acid anhydride group. 

Component (t), OIL 

5 

Paraffinic process oil [Diana Process Oil PW-380 manufactured by Idemitsu Kosan Co., Ltd., dynamic viscosity: 
381 .6 est (40°C), 30.1 est (lOO^C), average molecular weight: 746, ring analysis values: CA = 0%, CN = 27%. CP = 
73%] 

10 Examples 1 to 84 and Comparative Examples 1 to 42 

All components other than the components (c) and (d) were sufficiently dry-blended in the amounts shown in Tables 
1-21, and the resulting mixture was melt-kneaded and extruded by a twin screw kneader under such conditions that 
the resin temperature became 1 90 to 270'*C to obtain a thermoplastic resin composition before dynamic vulcanization. 

IS and this was pelletized. To the pellets obtained were added the components (c) and (d) in the amounts shown in Tables 
1-21. and the resulting mixture was again kneaded by a twin screw kneader at a shear rate of 800/sec under such 
conditions that the resin temperature became 1 90 to 270*C to obtain a dynamically vuteanized thermoplastk; elastomer 
composition. This composition was injection-molded and the resulting molded article was subjected to the following 
evaluations of physical properties. The results obtained in Examples are shown in Tables 1 to 14 and those obtained 

20 in Comparative Examples are shown in Tables 1 5 to 21 . 
The evaluation methods were as follows: 

(1) Hardness: JIS K6301 A type 

(2) Tensile strength TS [MPa] and elongation Eb (%): JIS K6301, No. 3 dumbbell 
25 (3) Compression set CS (%): JIS K6301 , 25% compression. 70°C x 22 hrs 

(4) Low-temperature impact resistance: A test piece of 75 mm x 75 mm x t1 mm was Immersed in a dry ice-methanol 
solution at -GO'^C for 10 minutes and then subjected to the Du Pont type impact test. The case where no cracks 
were formed after the test is indicated as O and the case where cracks were formed after the test is indicated as x. 
[Test conditions: weight: 500 g, point R: 3/1 6 Inch, falling height: 1 m] 
30 (5) Oil resistance (%): JIS K6301 in which a test piece of 50 mm x 50 mm x t2 mm was immersed in a No. 3 test 

oil (lubricant) at 70"*C for two hours and the weight change (%) between before and after the immersion was 
determined. 

(6) Light discoloration resistance test: A natural composition was treated at 88''C for 1,000 hours in a sunshine 
weatherometer and the color difference was measured. 

35 (7) Moldabllity test: Using a 50-mm diameter extruder provided with a screw having an L/D of 20 and dies having 

a size of 100 mm x tO.5, a tape having a size of 150 x 500 mm was prepared under the conditions that C/R was 
3.0, the kneading temperature was 200''C and the revolution rate was 100 rpm, and the surface of the tape was 
obsen/ed visually. The case where at least one foreign matter having a diameter of 100 mrcrons or more was 
observed is indicated as x, and the case where no foreign matter was observed Is Indicated asO. 

40 (8) Long term reliability: A low-temperature impact resistance test was conducted according to (4) above after the 

treatment at lOO'C for 1 ,000 hours. 

The case where no cracks were formed is indicated asO, and the case where cracks were formed is indicated as X. 
In Comparative Examples 1 to 6, the same procedure as in the Examples was repeated, except that 2 parts by 

45 weight of dicumyl peroxide (DCP) (organic peroxide) and 3 parts by weight of divlnylbenzene (DVB) were used in the 
dynamic vulcanization. Moreover, In Comparative Examples 7 to 12, the same procedure as In the Examples was 
repeated, except that 5 parts by weight of a heat-reactive alkylphenol resin [SP1045 manufactured by Schenectady 
Chemicals] and 2 parts by weight of stannous chloride (crosslinking assistant) were used In the dynamic vulcanization. 
Also, in Comparative Examples 13 to 18, an organoslloxane was used as the crosslinking agent and the same chlo- 

50 roplatlnic acid hexahydrate as the component (d) in the Examples was used as the catalyst. 

From the results shown in Tables 1 to 21 , it Is clear that the thermoplastic elastomer composition of this invention 
in which the dynamic vulcanization was conducted with an organosiloxane and to which a compatibilizing agent was 
added, is superior in mechanical strength, compression set at 70°C and oil resistance to the prior art thermoplastic 
elastomer composition in which an organoperoxide was blended and which was dynamically vulcanized. Furthermore, 

ss It has been clarified that the composition of this invention Is good in light discoloration resistance, and hence, has a 
large f reeness of coloration. Also, it Is found that the vulcanized rubber particles of this invention were highly dispersed 
and the low-temperature impact resistance was greatly improved. 
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2 


3 


4 


5 
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Composition (parts by weight) 














EPDM 


100 


100 


100 


100 


100 


100 


PP 


100 


200 


95 
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100 




PET 












100 


SiH (1) 


3 


3 


3 


6 




3 


SIH (2) 










3 




Catalyst (1) 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


SEBS 


10 


10 


10 


10 


10 


10 


OIL 


100 


200 


190 


280 


100 


100 


Physical properties 














Hardness 


81 


88 


78 


89 


84 


85 


TS (MPa) 


19 


18 


14 


13 


19 


19 


Eb (%) 


625 


590 


625 


510 


605 


615 


CS (%) 


37 


39 


29 


44 


33 


34 


Low-temp, impact resistance 


O 


O 


o 


o 


O 


O 


Oil resistance (%) 


15 


9 


15 


9 


14 


15 


Light discoloration resistance 


8 


7 


8 


8 


9 


8. 


Moldability test 


O 


O 


O 


o 


O 


O 


II Long-term reliability 


0 


o 


o 


o 


o 
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Composition (parts by weight) 














EPDM 


100 


100 


100 


100 


100 


100 


PP 






100 


100 






PET 


100 


195 






100 


100 


SiH(1) 




3 


3 


3 






SIH (2) 


3 








3 


3 


Catalyst (1) ■ 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


SEBS 


10 


10 


5 


20 


5 


20 


OIL 


100 


280 


100 


100 


100 


100 


Physical properties 














Hardness 


83 


87 


79 


82 


82 


85 


TS (MPa) 


19 


13 


18 


21 


17 


20 


Eb (%) 


620 


540 


620 


580 


610 


540 


CS (%) 


34 


42 


33 


39 


31 


38 


Low-temp, impact resistance 


O 


O 


O 


O 


O 


o 


Oil resistance (%) 


12 


9 


13 


13 


14 


12 


Light discoloration resistance 


9 


8 


8 


9 


8 


9 


Moldability test 


0 


o 


O 


O 


0 


O 


Long-term reliability 


O 


o 


o 


o 


o 


o 
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Table 3 





Example 




13 


14 


15 


16 


17 


18 


Composition (parts by weight) 














EPDM 


100 


100 


100 


100 


100 


100 


PP 


100 


100 






100 




PET 






100 


100 




100 


SiH (1) 


3 




3 






3 


SiH (2) 




3 




3 


3 




Catalyst (1) 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


EP-SEBS 


10 


10 


10 


10 


5 


20 


OIL 


100 


100 


100 


100 


100 


100 


Physical properties 














Hardness 


82 


84 


83 


87 


84 


85- 


TS (MPa) 


18 


18 


19 


19 


18 


20 


Eb (%) 


580 


570 


570 


540 


580 


540 


CS (%) 


35 


33 


38 


36 


32 


39 


Low-temp, impact resistance 


O 


O 


O 


O 


O 


O 


Oil resistance (%) 


11 


10 


14 


11 


13 


11 


Light discoloration resistance 


9 


10 


8 


9 


10 


10 


Moldability test 


O 


O 


O 


O 


O 


O 


Long*term reliability 


0 


O 


O 


O 


O 


0 



Table 4 





Example 




19 


20 


21 


22 


23 


24 


Composition (parts by weight) 














EPDM 


100 


100 


100 


100 


100 


100 


PP 


100 


100 






100 




Ny66 






100 


100 




100 


SiH (1) 


3 




3 






3 


SiH (2) 




3 




3 


3 




Catalyst (1) 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


MAH-EP 


10 


10 


10 


10 


5 


20 


OIL 


100 


100 


100 


100 


100 


100 


Physical properties 














Hardness 


81 


83 


82 


84 


81 


87 


TS (MPa) 


15 


16 


17 


18 


14 


19 


Eb (%) 


600 


595 


610 


580 


630 


550 


CS (%) 


37 


35 


35 


34 


34 


37 


Low-temp, impact resistance 


O 


O 


O 


O 


O 


O 


Oil resistance (%) 


14 


13 


14 


12 


15 


13 


Light discoloration resistance 


8 


9 


8 


10 


9 


9 


Moldability test 


0 


O 


0 


O 


O 


0 


Long-term reliability 


O 


O 


O 


0 


O 


O 
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Table 5 





Example 




25 


26 


27 


28 


29 


30 


Composition (parts by weiglit) 














EPDM 


100 


100 


100 


100 


100 


100 


PP 


100 


200 


95 


195 


100 




PET 












100 


SiH (1) 


3 


3 


3 


6 




3 


SiH (2) 










3 




Catalyst (1) 


0.5 


0.5 


0.5 


0,5 


0.5 


0.5 


E-GMA-AM 


10 


10 


10 


10 


10 


20 


OIL 


100 


200 


190 


280 


100 


100 


Physical properties 














Hardness 


81 


88 


78 


89 


84 


85 


TS (MPa) 


19 


18 


14 


13 


19 


19 


Eb (%) 


625 


590 


625 


510 


605 


615 


L/O { /o) 


37 


39 


29 


44 


33 


34 


LoW'temp. impact resistance 


O 


O 


O 


O 


O 


O 


Oil resistance (%) 


15 


9 


15 


9 


14 


15 


Light discoloration resistance 


8 


7 


8 


8 


9 


8 


Moldability test 


O 


O 


O 


O 


O 


O 


1 nnn^iorm mlishililv/ 
LvJiiy loliil loiiciuiiiiy 


O 


o 


O 


O 


O 


O 




Table 


6 












Example 




31 


32 


33 


34 


35 


36 


Composition (parts by weight) 














ANR 


100 


100 


100 


100 


100 


100 


PP 


100 


100 






100 




PET 






100 


100 




100 


SiH (1) 


3 




3 




3 




SiH (2) 




3 




3 




3 


Catalyst (1) 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


E-GMA-AM 


10 


10 


10 


10 


10 


10 


OIL 


100 


100 


100 


100 


100 


100 


Physical properties 














Hardness 


81 


83 


82 


84 


83 


82 


TS (MPa) 


17 


18 


18 


19 


20 


20 


Eb (%) 


600 


600 


590 


560 


610 


620 


CS (%) 


34 


32 


35 


31 


32 


29 


Low-temp, impact resistance 


O 


o 


O 


O 


O 


O 


Oil resistance (%) 


12 


11 


13 


8 


11 


11 


Light discoloration resistance 


9 


9 


8 


9 


10 


10 


Moldability test 


0 


0 


O 


O 


O 




1 Long-term reliability 


O 


O 


O 


O 


0 


o 
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Table 7 



1 


Example 




37 


38 


39 


40 


41 


42 


Composition (parts by weight) 














SBR 


100 


100 


100 


100 


100 


100 


PP 


100 


100 






100 




OCT 

Pel 






100 


100 




100 


ClUt /I \ 

SiH (1) 


3 




3 




3 




bin {d} 




3 




3 




3 


uaiaiysi (1 ) 


0.5 


0.5 


0.5 


0.5 


0.5 


0,5 


b- La MA- AM 


10 


10 


10 


10 


10 


10 


OIL 


100 


100 


100 


100 


100 


100 


Physical properties 














Hardness 


79 


83 


82 


84 


83 


82 


TS (MPa) 


15 


16 


16 


17 


18 


18 


Eb (%) 


630 


630 


610 


580 


630 


650 


CS (%) 


38 


34 


36 


33 


34 


33 


Low-temp, impact resistance 


O 


O 


O 


O 


O 


O 


Oil resistance (%) 


14 


13 


14 


11 


12 


13 


Light discoloration resistance 


8 


8 


8 


9 


9 


9 


K/lolHahilitx/ toct 
iVlUlUaUMiiy tuol 


O 


O 


O 


O 


O 


O 


Long-term reliability 


O 


O 


O 


O 


O 


o 




Table 


8 




Example 




43 


44 


45 


46 


47 


48 


Composition (parts by weight) 














BuR 


100 


100 


100 


100 


100 


100 


PP 


100 


100 






100 




PET 






100 


100 




100 


Cil_l /i \ 

bin (1 ) 


3 




3 




3 




SiH (2) 




3 




3 




3 


uataiyst.(i) 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


t-oMA-AM 


10 


10 


10 


10 


10 


10 


II r\n 
0 


100 


100 


100 


100 


100 


ioo 


1 Physical properties 














Hardness 


79 


83 


82 


84 


83 


82 


TS (MPa) 


15 


16 


16 


17 


18 


18 


Eb (%) 


630 


630 


610 


580 


630 


650 


CS (%) 


34 


30 


32 


30 


30 


28 


Low-temp, impact resistance 


O 


O 


O 


O 


O 


o 


Oil resistance (%) 


10 


10 


11 


9 


9 


10 


Light discoloration resistance 


7 


7 


7 


8 


8 


8 


Moldability test 


0 


O 


0 


0 


0 


0 


||. Long-term reliability 


O 


o 


O 


O 


O 
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Table 9 





Example | 




49 


50 


51 


52 


53 


54 


Composition (parts by weight) 














ANR 


100 


100 


100 


100 


50 


50 


rVO 


100 


100 


50 


50 


100 


100 


SiH (1) 


3 




3 




1.5 




SIH (2) 




3 




3 




1.5 




0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


p. G MA- AM 


10 


10 


10 






1 


VA-PVC 








10 


10 


10 1 


nil 


100 


100 


100 


100 


100 


100 1 


Physical properties 














Hardness 


79 


83 


62 


64 


83 


82 1 


TS (MPa) 


15 


16 


14 


15 


20 


21 1 


Eb (%) 


530 


530 


560 


580 


430 


450 1 


CS (%) 


34 


30 


27 


25 


40 


38 1 


Low-temp, impact resistance 


O 


O 


O 


O 


O 


O 


Oil resistance (%) 


10 


10 


11 


9 


9 


10 


Light discoloration resistance 


9 


9 


9 


9 


9 


9 


Moldability test 


O 


O 


O 


O 


O 


O 


Long-term reliability 


O 


o 


O 


O 


o 


O 



Table 10 





Example 




55 


56 


57 


58 


59 


60 


Composition (parts by weight) 














EPDM 


100 


100 


100 


100 


100 


100 


PP 


100 


200 


95 


195 


100 




PET 












100 


SiH (1) 


3 


3 


3 


6 




3 


SiH (2) 










3 




Catalyst (1) 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


PP-MAH 


10 


10 


10 


10 


10 


10 


OIL 


100 


200 


90 


280 


100 


100 


Physical properties 














Hardness 


81 


88 


78 


89 


84 


65 


TS (MPa) 


19 


18 


16 


13 


19 


19 


Eb (%) 


635 


595 


630 


510 


605 


615 


CS (%) 


36 


38 


28 


42 


31 


32 


Low-temp, impact resistance 


O 


0 


O 


0 


O 


o 


Oil resistance (%) 


14 


8 


14 


9 


13 


14 


Light discoloration resistance 


8 


7 


8 


8 


9 


8 


Moldability test 


0 


O 


O 


0 


O 


0 


1 Long-term reliability 


O 


o 


O 


0 


o 


O 
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Table 11 









Example 








O 1 


Oc. 


63 


64 


DO 


DD 


Composition (parts by weight) 














EPDM 


100 


100 


100 


100 


100 


100 


PP 


100 




95 


195 


100 


1 00 


SiH (1) 


o 
o 


o 


3 


6 






SIH (2) 










o 
o 


o 
o 


Catalyst (2) 




0.^ 


0.2 


0.2 






OCDO 


10 


10 


10 


10 


1 u 


m 

1 VJ 


OIL 


100 


200 


190 


280 


inn 
lOO 


100 


Physical properties 














Hardness 


80 


86 


75 


89 


83 


82 


TS(MPa) 


19 


17 


14 


12 


20 


20 


Eb (%) 


630 


600 


650 


510 


600 


620 


OS (%) 


35 


39 


29 


44 


34 


36 


Low-temp, impact resistance 


O 


O 


0 


0 


O 


O 


Oil resistance (%) 


14 


9 


15 


8 


14 


15 


Light discoloration resistance 


8 


7 


8 


9 


9 


8 


Moldability test 


O 


O 


O 


O 


O 


O 


Long-term reliability 


O 


O 


O 


O 


O 


o 


Table 12 




Example 




67 


68 


69 


70 


71 


72 


Composition (parts by weight) 














ANR 


100 


100 


100 


100 


100 


100 


PET 


100 


195 


100 


100 


100 


100 


SiH (1) 




3 


3 


3 






SiH (2) 


3 








3 


3 


1 Catalyst (2) 


2 


2 


2 


2 


2 


2 


EP-SEBS 


10 


10 




10 


10 




E-GMA-AM 






10 






10 


OIL 


100 


280 


100 


100 


100 


100 


Physical properties 














Hardness 


82 


87 


79 


82 


84 


81 


TS (MPa) 


19 


13 


20 


21 


22 


18 


Eb (%) 


640 


540 


620 


580 


590 


640 


CS (%) 


33 


42 


33 


32 


32 


33 


Low-temp, impact resistance 


O 


O 


O 


O 


O 


0 


Oil resistance (%) 


13 


8 


13 


13 


13 


12 


Light discoloration resistance 


8 


9 


8 


9 


8 


9 


Moldability test 


O 


O 


O 


O 


O 


O 


Long-term reliability 


0 


0 


O 


O 


0 


O 
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Table 13 





Example 




73 


74 


75 


76 


77 


78 


Composition (parts by weight) 














EPDM 


100 


100 


100 


100 


100 


100 


DD 

rr 


100 


200 


95 


195 


100 


100 


bin ^1 ) 


3 


3 


3 


6 






CiUI /o\ 

oin \d) 










3 


3 


oaiaiysi ^oj 


10 


10 


10 


10 


10 


10 




10 


10 


10 


10 


10 


10 


r\i\ 


100 


200 


190 


280 


100 


100 


Physical properties 














Hardness 


81 


86 


78 


89 


85 


85 


TS (MPa) 


20 


18 


14 


12 


20 


20 


Eb (%) 


630 


600 


650 


510 


600 


620 


CS (%) 


35 


39 


28 


43 


32 


34 


Low-temp, impact resistance 


0 


0 


O 


O 


O 


O 


Oil resistance (%) 


13 


9 


14 


8 


14 


15 


Light discoloration resistance 


8 


7 


8 


9 


9 


8 


1 Moldability test 


O 


O 


O 


O 


O 




1 Long-term reliability 


O 


O 


O 


O 


O 




Table 14 




Example 




79 


80 


81 


82 


83 


84 


Composition (parts by weight) 














ANR 


100 


100 


100 


100 


100 


100 


PET 


100 


195 


100 


100 


100 


100 


SiH (1) 




3 


3 


6 






sIh (2) 


3 








3 


3 


Catalyst (3) 


10 


10 


10 


10 


10 


10 


EP-SEBS 


10 


10 




10 


10 




E-GMA-AM 






10 






10 


OIL 


100 


280 


100 


100 


100 


100 


Physical properties 














Hardness 


82 


86 


80 


82 


84 


81 


TS (MPa) 


19 


13 


21 


21 


22 


18 


Eb (%) 


640 


540 


600 


570 


580 


630 


CS (%) 


32 


41 


32 


32 


32 


33 


Low-temp, impact resistance 


0 


O 


O 


O 


O 


O 


Oil resistance (%) 


12 


8 


12 


12 


12 


10 


Light discoloration resistance 


8 


9 


8 


9 


8 


9 


Moldability test 


0 


O 


O 


O 


O 


O 


Long-temn reliability 


O 


O 


O 


O 


O 


O 
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Table 15 



1 


1 1 

Comparative Example 


1 


1 


2 


3 


4 


5 


6 


1 Composition (parts by weight) 














EPDM 


100 


100 


100 


100 


100 


100 


PP 


100 


200 


95 


195 






PET 










100 


195 


DVB 


3 


3 


3 


3 


3 


3 


DCP 


2 


2 


2 


2 


2 


2 


OIL 


100 


200 


190 


280 


100 


280 


z— : 

Physical properties 














Hardness 


80 


86 


77 


88 


79 


86 




11 


12 


9 


10 


12 


8 


Eb {%) 


510 


480 


500 


430 


490 


480 


CS (%) 


45 


50 


50 


52 


44 


51 


Low-temp, impact resistance 


X 


X 


X 


X 


X 


X 


Oil resistance (%) 


18 


19 


22 


13 


19 


12 


Light discoloration resistance 


8 


7 


8 


9 


9 


8 


Moldability test 


O 


O 


O 


O 


0 


O 


Long-term reliability 


X 


X 


X 


X 


X 


X 



Table 16 





Comparative Example 1 




7 


8 


9 


10 


11 


12 1 


Composition (parts by weight) 














EPDM 


100 


100 


100 


100 


100 


100 


PP 


100 


200 


95 


195 






PET 










100 


195 


SP1045 


5 


5 


5 


5 


5 


5 


Stannous chloride 


2 


2 


2 


2 


2 


2 


OIL 


100 


200 


190 


280 


100 


280 


Physical properties 














Hardness 


80 


86 


77 


88 


79 


86 


TS (MPa) 


18 


17 


14 


12 


20 


20 


Eb (%) 


620 


600 


630 


510 


600 


620 


CS (%) 


37 


40 


31 


45 


34 


43 


Low-temp, impact resistance 


X 


X 


X 


X 


X 


X 


Oil resistance (%) 


14 


10 


16 


9 


14 


9 


Light discoloration resistance 


28 


27 


30 


29 


29 


26 


Moldability test 


X 


X 


X 


X 


X 


X 


Long-term reliability 


X 


X 


X 


X 


X 


X 
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Table 17 





Comparative Example 




13 


14 


15 


16 


17 


18 1 


Composition (parts by weight] 














EPDM 


100 


100 


100 


100 


100 


100 


PP 


100 


200 


95 




100 




PET 








100 




100 


SIH (1) 


3 


3 


3 


3 




^ 1 


SiH (2) 










3 


1 


Catalyst (1) 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 [ 


OIL 


100 


200 


190 


100 


100 


100 [ 


Physical properties 














Hardness 


80 


86 


75 


82 


83 


82 


TS (MPa) 


19 


17 


14 


18 


20 


20 


Eb (%) 


630 


600 


650 


630 


600 




CS (%) 


35 


39 


29 


32 


34 


36 


Low-temp, impact resistance 


X 


X 


X 


X 


X 


X 


Oil resistance (%) 


14 


9 


15 


13 


14 


15 


Light discoloration resistance 


8 


7 


8 


9 


9 


8 


Moldability test 


X 


X 


X 


X 


X 


X 


Long-term reliability 


X 


X 


X 


X 


X 


X 



Table 18 





Comparative Example 




19 


20 


21 


22 


23 


24 


Composition (parts by weight) 














ANR 


100 


100 


100 


100 


100 


100 


PP 


100 


100 






100 




PET 






100 


100 




100 


SIH (1) 


3 




3 




3 




SiH (2) 




3 




3 




3 


Catalyst (1) 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


OIL 


100 


100 


100 


100 


100 


100 


Physical properties 














Hardness 


81 


83 


82 


84 


83 


82 


TS (MPa) 


17 


18 


18 


19 


20 


20 


Eb (%) 


600 


600 


590 


560 


610 


620 


CS (%) 


34 


32 


35 


31 


32 


29 


Low-temp, impact resistance 


X 


X 


X 


X 


X 


X 


Oil resistance (%) 


12 


11 


13 


6 


11 


11 


Light discoloration resistance 


9 


9 


8 


9 


10 


10 


Moldability test 


X 


X 


X 


X 


X 


X 


Long-term reliability 


X 


X 


X 


X 


X 


X 
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Table 19 





Comparative Example 




25 


26 


27 


28 


29 


30 


Composition (parts by weight) 














SdR 


100 


100 


100 


100 


100 


100 


pp 


100 


100 






100 




PPT 






100 


100 




100 


oin \ 1 ) 


3 




3 




3 




1 CiU /o\ 

1 oin \^) 




3 




3 




3 




0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


Oil 
^IL 


100 


100 


100 


100 


100 


100 


Physical properties 














Hardness 


79 


83 


82 


84 


83 


82 


TS (MPa) 


15 


16 


16 


17 


18 


18 


Eb (%) 


630 


630 


610 


580 


630 


650 


CS (%) 


38 


34 


36 


33 


34 


33 


Low-temp, impact resistance 


X 


X 


X 


X 


X 


X 


Oil resistance (%) 


14 


13 


14 


11 


12 


13 


Light discoloration resistance 


8 


8 


8 


9 


9 


9 


Moldabilitv test 


X 


X 


X 


X 


X 


X 


Long-term reliability 


X 


X 


X 


X 


. X 


X 




Table 20 












Comparative Example 




31 


32 


33 


34 


35 


36 1 


Composition (parts by weight) 














BuR 


100 


100 


100 


100 


100 


100 


DD 

rr 


100 


100 






100 




DCT 

re 1 






100 


100 




100 


oin (1 j 


3 




3 




3 




Oin 




3 




3 




3 


L'dldiyol \ 1 ; 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 




100 


100 


100 


100 


100 


100 


Physical properties 














Hardness 


79 


83 


82 


84 


83 


82 1 


TS (MPa) 


15 


16 


16 


17 


18 


18 i 


Eb (%) 


630 


630 


610 


580 


630 


650 1 


CS (%) 


34 


30 


32 


30 


30 


28 1 


Low-temp, impact resistance 


X 


X 


X 


X 


X 


X 1 


Oil resistance (%) 


10 


10 


11 


9 


9 


10 1 


Light discoloration resistance 


7 


7 


7 


8 


8 


8 1 


Moldability test 


X 


X 


X 


X 


X 


X 1 


Long-term reliability 


X 


X 


X 


X 


X 


X 1 
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Table 21 



5 



1 


Comparative Example 




37 


38 


39 


40 


41 


42 




Composition (parts by weight) 














ANR 


100 


100 


100 


100 


50 


50 


PVC . 


100 


100 


50 


50 


100 


100 


SiH (1) 


3 




3 




1.5 




SiH (2) 




3 




3 




1.5 


Catalyst (1) 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


OIL 


100 


100 


100 


100 


100 


100 


Physical properties 














Hardness 


79 


83 


62 


64 


83 


82 


TS (MPa) 


15 


16 


14 


15 


20 


21 


Eb (%) 


530 


530 


560 


580 


430 


450 


CS (%) 


34 


30 


27 


25 


40 


38 


Low-temp. Impact resistance 


X 


X 


X 


X 


X 


X 


Oil resistance (%) 


10 


10 


11 


9 


9 


10 


Light discoloration resistance 


9 


9 


9 


9 


9 




Moldability test 


X 


X 


X 


X 


X 




Long-term reliability 


X 


X 


X 


X 


X 





Claims 



1. A thermoplastic elastomer composition obtained by dynamically, heat-treating a mixture of (a) 100 parts by weight 
of a carbon-to-carbon double bond-containing rubber, (b) 5 to 300 parts by weight of a thermoplastic resin, (c) 0.5 
to 30 parts by weight of an organo-siloxane Crosslin king agent having at least two SiH groups in the molecule, (d) 
0.001 to 20 parts by weight of a hydrosilylatlng catalyst and (e) 0.5 to 20 parts by weight of a compatibilizing agent, 
wherein 

(1) the carbon-to-carbon double bond-containing rubber (a) Is at least one member selected from the group 
consisting of ethvlene-aolefln-non-conjugated diene copolymer rubber, vinyl aromatic compound-conjugated 
diene compound copolymer rubber, butadiene rubber and butyl rubber; the thermoplastic resin (b) is at least 
one member selected from the group consisting of potyolefin resin, polyester resin, polyamide resin and poly- 
carbonate resin; and the compatibilizing agent (e) is at least.one member selected from the following epoxy- 
modified compatibilizing agents (e-3), (e-4) and (e-S): 



(e-3): an epoxy-modified hydrogenated block copolymer obtained by hydrogenating a copolymer com- 
prising at least two temninal blocks each consisting mainly of a vinyl aromatic compound and at least one 
intermediate polymer block consisting mainly of a conjugated diene compound, 
(e-4) : an epoxy-modified ethylene-a-olefln(-non-con]ugated dienes) copolymer rubber, and 
(e-5): an epoxy-modified polyolefin resin, or 



(2) the carbon-to-carbon double bond-containing rubber (a) is at least one member selected from the group 
consisting of ethylene-a-olefin-non-conjugated diene copolymer rubber, vinyl aromatic compound-conjugated 
diene compound copolymer rubber, butadiene rubber and butyl rubber; the thermoplastic resin (b) is at least 
one member selected from the group consisting of polyolefin resin and polyamide resin; and the compatibilizing 
agent (e) is at least one member selected from the following maiek: anhydride-modified compatibilizing agents 
(e-6), (e-7) and (e-8): 

(e-6): a maleic anhydride-modified hydrogenated block copolymer obtained by hydrogenating a copolymer 
comprising at least two terminal blocks each consisting mainly of a vinyl aromatic compound and at least 
one intermediate block consisting mainly of a conjugated diene compound, 
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(e-7) : a maleic anhydride-modified ethylene-a-olefin(-non-conjugated diene) copolymer rubber, and 
(e-8): a maleic anhydride-modified polyolefin resin, or 

(3) the carbon-to-carbon double bond-containing rubber (a) is at least one member selected from the group 
consisting of ethylene-a-olefin-non-conjugated diene copolymer rubber, vinyl aromatic compound-conjugated 
diene compound copolymer rubber, butadiene rubber, butyl rubber. a,p-unsaturated nitrile-conjugated diene 
copolymer rubber and acrylic rubber; the therrrraplastic resin (b) is at least one member selected from the 
group consisting of polyolefin resin, polyester resin, polyamlde resin, polycarbonate resin, vinyl chloride resin 
and methacrylate resin; and the compatibilizing agent (e) is (e-9) a modified polyolefin resin having epoxy 
group and ester group in the same molecule, or 

(4) the carbon-to-carbon double bond-containing rubber (a) is at least one member selected from the group 
consisting of acrylic rubber and a,p-unsaturated nitrile-conjugated diene copolymer rubber; the thermoplastic 
resin (b) Is at least one member selected from the group consisting of vinyl chloride resin, polyurethane resin 
and methacrylate resin; and the compatibilizing agent (e) is (e-1 0) at least one member selected from the 
group consisting of halogenated olefin resin, vinyl chloride-vinyl acetate copolymer and vinyl aromatic com- 
pound-a,p-un8aturated nitrile-conjugated diene copolymer, or 

(5) the carbon-to-carbon double bond-containing rubber (a) is an ethylene-a-olefin-non-conjugate diene co- 
polymer rubber; the thermoplastic resin (b) is a crystalline olefin resin; and the compatibilizing agent (e) is at 
least one member selected from the following compatibilizing agents (e-11). (e-1 2) and (e-1 3): 

(e-11) : a compatibilizing agent prepared by melt-reacting a polypropylene resin having epoxy group as 
an essential component with at least one member selected from the group consisting of maleic anhydride- 
modified resins such as polyethylene having maleic anhydride group in the molecule, ethylene copolymer 
having maleic anhydride group in the molecule, styrene block copolymer having maleic anhydride group 
in the molecule, its hydrogenated product, styrene random copolymer having maleic anhydride group in 
the molecule and its hydrogenated product, 

(e-1 2): a compatibilizing agent prepared by melt-reacting a polypropylene having maleic anhydride group 
in the molecule as an essential component it at least one epoxy-modified resin selected from polyethylene 
having epoxy group in the molecule, ethylene copolymer having epoxy group in the molecule, stryrene 
block copolymer having epoxy group in the molecule, its hydrogenated product, styrene random copolymer 
having epoxy group in the molecule and its hydrogenated product, and 

(e-1 3) : a compabilizing agent prepared by dynamically heat-treating, in the presence of a peroxide, a 
blend of a polypropylene as an essential component with at least one resin selected from the group con- 
sisting of polyethylene, ethylene copolymer, styrene block copolymer, its hydrogenated product, styrene 
random copolymer and its hydrogenated product. 

A thermoplastic elastomer composition according to claim 1 , wherein the compatibilizing agent (e) in (5) is added 
in a proportion of 0.5 to 20 parts by weight per 100 parts by weight of the total of the rubber (a) and the resin (b), 
said compatibilizing agent (e) being selected from the compatibilizing agents (ell ) and (e-1 2) in which the weight 
ratio of the epoxy-modified resin to the maleic anhydride-modified resin is 10:90 to 90:10 and the compatibilizing 
agent (e-1 3) in which the weight ratio of the polypropylene to the at least one resin selected from the group specified 
in (5) is 10:90 to 90:10. 

A thermoplastic elastomer composition according to claim 1 or 2, wherein the composition further contains (f) 30 
to 300 parts by weight of a paraffinic oil. 

The thermoplastic elastomer composition according to any one of Claims 1 to 3, wherein the hydrosilylating catalyst 
(d) is a Group VIII transition metal catalyst or an organic peroxide catalyst. 

The thermoplastic elastomer composition according to any one of Claims 1 to 3, wherein the hydrosilylating catalyst 
(d) is dissolved in at least one liquid component or supported on at least one solid component. 

The thermoplastic elastomer composition according to any one of Claims 1 to 3, wherein the organosiloxane 
crosslinktng agent (c) having at least two SiH groups in the molecule Is a compound represented by the following 
structural formula (1), (2) or (3): 
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(Cyclic polysiloxane) 



I R 



I 



(S i O) m — ' 
I 

R 



(1) 



(Tetrahedron siloxane) 

R 

I 

Si- [OS i R] i 

(2) 

I 

R 

or 

(Linear polysiloxane) 



R R R 



R-S i O- (S i O) n - S i - R ^"^^ 



R R R 



wherein m is an integer of 3 to 30. n is an integer of 0 to 200, R is a hydrogen atom, an alkyi group, an alkoxy 
group, an aryt group or an aryloxy group, and at least two silicon atoms each having bonded thereto at least one 
R being a hydrogen atom are present in the molecule. 
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Patentanspruche 

1. EIne Ihermoplastische Elastomerzusammensetzung, erhalten durch dynamische Warmebehandlung eines Gemh 
sches von (a) 100 Gewichtstellen eines Kohlenstoff-Kohlenstoff-Doppelbindung-enthaltenden Kautschuks. (b) 5 
bis 300 Gewichtstellen eines thermoplastischen Harzes> (c) 0,5 bis 30 Gewichtstellen eines Organo-Siloxan-Ver- 
netzungsmlttels mit mindestens zwei SiH-Gruppen im Molekul, (d) 0,001 bis 20 Gewichtstellen eines Hydrosily- 
lierungskatalysators und (e) 0,5 bis 20 Gewichtsteilen eines Kompatibilisierungsmittels, wobei 

(1) der Kohlenstoff-Kohlenstoff-Doppelblndung-enthaltende Kautschuk (a) mindestens einer ausgewahit aus 
der Gruppe bestehend aus Ethylen-a-Olefin-nicht-konjugiertes-Dien-Copolymer-Kautschuk, vinylaronnatlsche 
Verbindung-konjugierte Dienverbindung-Copolymer-Kautschuk, Butadien-Kautschuk und Butylkautschuk ist, 
das thermopiastische Harz (b) nnindestens eines ausgewahit aus der Gruppe bestehend aus Polyolefinharz, 
Polyesterharz, Polyamidharz und Polycarbonatharz ist, und das Komp^tibilis^erungsmittel (e) mindestens ei- 
nes ausgewahit aus den nachstehenden Epoxy-modifizierten Kompatibilisierungsmtttein (e-3), (e-4) und (e- 
5) ist: 

(e-3): ein Epoxy-modifiziertes hydriertes Block-Copolymer erhalten durch Hydrieren eines Copolymers, 
umfassend mindestens zwei endstandige Blocks jeweils hauptsachlich bestehend aus einer vinylaroma- 
tischen Verbindung und mindestens einem Zwischen-Polymer-Block, hauptsachlich bestehend aus einer 
konjugierten Dienverbiridung, 

(e-4): ein Epoxy-modifizierter Ethylen-a-Olefin-(nicht-konjugiertes-Dien)-Copolymer-Kautschuk und 
(e-5): ein Epoxy-modifiziertes Polyolefinharz, Oder 

(2) der Kohlenstofl-Kohlenstotf-Doppelbindung-enthaltende Kautschuk (a) mindestens einer ausgewahit aus 
der Gruppe bestehend aus Ethylen-a-Olefin-nicht-konjugiertes-Dien-Copolymer-Kautschuk, vinylaromatische 
Verbindung-konjugierte Dienverbindung-Copoiymer-Kautschuk, Butadien-Kautschuk und Butyl-Kautschuk 
ist, das thermopiastische Harz (b) mindestens eines ausgewahit aus der Gruppe bestehend aus Polyolefinharz 
und Polyamidharz ist und das Kompatibilisierungsmittel (e) mindestens eines ausgewahit aus den nachste- 
henden Maleinsaureanhydrid-modifizierten Kompatibilisierungsmitteln (e-6), (e-7) und (e-8) ist: 

(e-6): ein Maleinsaureanhydrid-modifiziertes hydriertes Block-Copolymer erhalten durch Hydrieren eines 
Copolymers, umfassend mindestens zwei endstandige Blocks jeweils hauptsachlich bestehend aus einer 
vinylaromatischen Verbindung und mindestens einem ZwIschen-BIock hauptsachlich bestehend aus einer 
konjugierten Dienverbindung, 

(e-7): ein Maleinsaureanhydrld-modifizierter Ethylen-a-Olefin-(nicht-konjugiertes-Dien)-Copolymer-Kau- 
tschuk und 

(e-8): ein Maleinsaureanhydrid-modifiziertes Polyolefinharz, Oder 

(3) der Kohlenstoff-Kohlenstoff-Doppelbindung-enthaltende Kautschuk (a) mindestens einer ausgewahit aus 
der Gruppe bestehend aus Ethylen-a-OIefin-nicht-konjugiertes-Dien-Copolymer-Kautschuk, vinylaromati- 
scher Verbindung-konjugierte Dienverbindung-Copolymer-Kautschuk, Butadien-Kautschuk, Butyl-Kautschuk, 
a,p-ungesattlgtes-Nitrllkonjugiertes-Dlen-Copolymer-Kautschuk und Acryl-Kautschuk ist, das thermopiasti- 
sche Harz (b) mindestens eines ausgewahit aus der Gruppe bestehend aus Polyolefinharz, Polyesterharz, 
Polyamidharz, Polycarbonatharz. Vinytehlorklharz und Methacrylatharz ist, und das Kompatibilisierungsmit- 
teln (e) gleich (e-9) ein modifiziertes Polyolefinharz mit Epoxygruppe und Estergruppe Im gleichen Molekul 
ist, Oder 

(4) der Kohlenstoff-Kohlenstoff-Doppelbindung-enthaltende-Kautschuk (a) mindestens einer ausgewahit aus 
der Gruppe bestehend aus Acryl-Kautschuk und a.|)-ungesattigtes-Nitrilkonjugiertes-Dien-Copolymer-Kau- 
tschuk ist, das thermopiastische Harz (b) mindestens eines ausgewahit aus der Gruppe bestehend aus Vinyl- 
chloridharz, Polyurethanharz und Methacrylatharz ist, und das Kompatibilisierungsmittel (e) gleich (e-10) min- 
destens eines ausgewahit aus der Gruppe bestehend aus halogeniertem Olefinharz, Vinylchlorid-Vinylacetat- 
Copolymer und vinylaromatische Verbindung-a,p-ungesattigtes-Nitrilkonjugiertes-Dien-Copolymer, oder 

(5) der Kohlenstoff-Kohlenstoff-Doppelbindung-enthaltende-Kautschuk (a) ein Ethylen-a-Qlefin-nicht-konju- 
giertes-Dlen-Copolymer-Kautschuk ist, das thermopiastische Harz (b) ein kristallines Olefinharz ist, und das 
Kompatibilisierungsmittel (e) mindestens eines ausgewahit aus den nachstehenden Kompatibilisierungsmit- 
teln 



27 



EP 0 651 009 B1 



(e-11), (e-12) und (e-13) ist: (e-11): ein Kompalibilisierungsmittel, hergestellt durch Schmelzreaktion eines 
Polypropylenharzes mit Epoxygruppen ats wesentliche Komponente mit mindestens einem Bestandteil 
ausgewahit aus der Gruppe bestehend aus Maleinsaureanhydrid-mcxlifizierten Harzen, wie Polyethylen 
mit Maleinsaureanhydridgruppen im Molekul, Ethylen-Copolymer mit Maleinsaureanhydridgruppen im 
Molekul, Styrol-Biock-Copolymer mit Maleinsaureanhydridgruppen im Molekul. seinem hydrierten Pro- 
dukt. statistischem Copolymer von Styrol mit Maleinsaureanhydridgruppen Im Molekul und seinem hy- 
drierten Produkt, 

{e-12): ein Kompatibilisierungsmittel, hergestellt durch Schmelzreaktion eines Polypropylens mit Malein- 
saureanhydridgruppen im Molekul als wesentliche Komponenten mit mindestens einem Epoxy-modifi- 
ziertem Harz ausgewahit aus Polyethylen mit Epoxygruppen im Molekul, Ethylen-Copolymer mit Epoxy- 
gruppen im Molekul, Styrol-Block-Copolymer mit Epoxygruppen im Molekul, seinem hydrierten Produkt, 
statistischem Copolymer von Styrol mit Epoxygruppen im Molekul und seinem hydrierten Produkt, und 
(e-13): ein Kompatibilisierungsmittel, hergestellt durch dynamisches Envarmen, in Gegenwart eines Per- 
oxlds, eines Gemisches eines Polypropylens als wesentliche Komponente mit mindestens einem Harz 
ausgewahit aus der Gruppe bestehend aus Polyethylen, Ethylen-Copolymer, Styrol-Block-Copoiymer, sei- 
nem hydrierten Produkt, statistischem Copolymer von Styrol und seinem hydrierten Produkt. 

Thermoplastische Eiastomerzusammensetzung gema3 Anspruch 1 , wobei das Kompatibilisierungsmittel (e) in (5) 
in einem Anteil von 0.5 bis 20 Gewichtsteilen pro 100 Gewichtsteile des gesamten Kautschuks (a) und des Harzes 
(b) zugegeben wird, wobei das Kompatibilisierungsmittel (e) ausgewahit ist aus den Kompatibilisierungsmittein 
(e-11 ) und (e-1 2), in denen das Gewichtsverhaftnis des Epoxy-modifizierten-Harzes zu dem Maleinsaureanhydrid- 
modifiziertem Harz gleich 10:90 bis 90:10 betragt und dem Kompatibilisierungsmittel (e-13), in dem das Gewichts- 
verhaltnis des Polypropylens zu dem mindestens einem Harz ausgewahit aus der in (5) angegebenen Gruppe, 
10:90 bis 90:10 betragt. 

Thermoplastische Eiastomerzusammensetzung gemaB Anspruch 1 oder 2, wobei die Zusammensetzung welter 
enthalt (f) 30 bis 300 Gewichtsteile eines paraffinischen 6ls. 

Thermoplastische Eiastomerzusammensetzung nach einem der Anspruche 1 bis 3, wobei der Hydrosilylierungs- 
katalysator (d) ein Gruppe Vlll-Ubergangsnietallkatalysator oder ein organischer Peroxidkatalysator ist. 

Thermoplastische Eiastomerzusammensetzung nach einem der Anspruche 1 bis 3, wobei der Hydrosilylierungs- 
katalysator (d) gelost ist in mindestens einer flussigen Komponente oder aufgebracht ist auf mindestens einer 
festen Komponente. 

Thermoplastische Eiastomerzusammensetzung nach einem der Anspruche 1 bis 3. wobei das Organo-Siloxan^ 
Vernetzungsmittel (c) mit mindestens zwel SiH-Gruppen im Molekul eine Verbindung der nachstehenden allge- 
meinen Strukturformeln (1), (2) Oder (3) ist: 



(Cyclisches Polysiloxan) 

I 1 

I H I 

I I I (1) 

(S i (.)) in — ' 
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(Tclrahedronsiloxan) 

\i 
I 

Si- lOS i K] 4 (2) 
1 

H 

Oder 

(Lincarcs Polysiloxan) 

H U R 

III 
R - S i C) - ( S i O ) " - S i - i? ^ ^ 

III 

R R R 

wobei m eine ganze Zahl von 3 bis 30, n eine ganze Zahl von 0 bis 200, der Rest R ein Wasserstoffatom, ein 
Alkylrest, ein Alkoxyrest, ein Arylrest oder ein Aryloxyrest ist, und nnindestens zwei Siliciumatome mit jeweils mln- 
destens einem daran gebundenen Rest R, der ein Wasserstoff ist, Im Molekul vorliegen. 

Revendicatlons 

1 . Composition k base d'elastomere thermoplastlque obtenue par traitement thermique dynamique d'un melange (a) 
de 100 parties en potds d'un caoutchouc k double liaison carbone-carbone, (b) de 5 ^ 300 parties en poids d'une 
resine thermoplastlque. (c) de 0,5 k 30 parties en poids d'un agent de reticulation de type organosiloxane com- 
portant au moins deux groupes SiH dans la molecule, (d) de 0,001 k 20 parties en poids d'un catatyseur d'hydro- 
siiylation et (e) de 0.5 k 20 parties en poids d'un agent de compatibility, dans laquelle : 

(1) le caoutchouc k double liaison carbone-carbone (a) comprend au moins un composant choisi pamni un 
caoutchouc de copolym^re d'6thyl6ne, d'a-ol6fine et de di^ne non cohjugu^, un caoutchouc de copolym&re 
de compost vinylique aromatique et de compost didnique conjugu^. un caoutchouc de butadiene et un caout- 
chouc butylique ; la resine thermoplastique (b) comprend au moins un composant choisi parmi une resine 
ol6finique. une resine de polyester, une resine de polyamide et une resine de polycarbonate ; et Tagent de 
compatibilite (e) comprend au moins un composant choisi parmi les agents de compatibility modifies par des 
ypoxy suivants (e-3), (e-4) et (e-5) : 

(e-3) : un copolymere sequence hydrog6ne et modifle par des 6poxy, obtenu par hydrog6nation d'un co- 
polymfere comprenant au moins deux s6quences d'extr6mlt6 d6riv6es principalement chacune d'un com- 
pose vinylique aromatique et d'au moins une sequence polym^re interm^diaire d^rivee principalement 
d'un compost didnique conjuguy, 
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(e-4) : un caoutchouc de copolym^re d'^thyt^ne. d'a-ol^fine et de di&ne non conjugud modifi^ par des 
epoxy, et 

(e-5) une r6sine de polyol6fine modifi6e par des 6poxy, ou 

(2) le caoutchouc a double liaison carbone-carbone (a) comprend au moins un composant choisi parmi un 
caoutchouc de copolym^re d'^thyl^ne, d'a-ol6fine et de di^ne non conjugu^, un caoutchouc de copolym^re 
de compose vinyllque aromatique et de compost di6nique conjugu6, un caoutchouc de butadiene et un caout- 
chouc butylique ; la r§sine thermoplastique (b) comprend au moins un composant choisi parmi une r6sine 
polyol6finlque et une resine de polyamide ; et I'agent de compatibility (e) comprend au moins un composant 
choisi parmi les agents de compatibilite modifies par Tanhydride mal^ique suivants (e-6), (e-7) et (e-8) : 

{e-6) : un copolymere sequence hydrogen^ et modifie par I'anhydride maleique, obtenu par hydrogenatlon 
d'un copolymere comprenant au moins deux sequences d'extr6mit6 principalement d6riv6es chacune 
d'un compose vinylique aromatique et d'au moins une sequence intermddlaire principalement d6riv6e 
d'un compost di^nique conjugu6, 

(e-7) : un caoutchouc de copolymere d'6thyl6ne, d'a-ol6fine et de di6ne non conjugu6 modifi6 par I'anhy- 
dride maleique, et 

(e-8) : une rdsine de polyolefine modifiee par Tanhydride maleique, ou 

(3) te caoutchouc d double liaison carbone-carbone (a) comprend au moins un composant choisi parmi un 
caoutchouc de copolymere d'6thyl6ne, d'a-oldfine et de di^ne non conjugud, un caoutchouc de copolymere 
de compost vinyle aromatique et de composd dienique conjugud, un caoutchouc de butadiene, un caoutchouc 
butylique, un caoutchouc de copolymere de nitrile a,p insature et de diene conjugue et un caoutchouc 
acrylique ; la resine thermoplastique (b) comprend au moins un composant choisi parmi une resine polyol6- 
finique. une resine de polyester, une resine de polyamide, une resine de polycarbonate, une resine de chlorure 
de vinyle et une resine de methacrylate ; et I'agent de corhpatibilite (e) est (e-9) une resine de polyolefine 
modifiee comportant un groupe epoxy et un groupe ester dans la mSme molecule, ou 

(4) le caoutchouc a double liaison carbone-carbone (a) comprend au moins un composant choisi parmi un 
caoutchouc acrylique et un caoutchouc de copolymere de nitrile a.p insature et de diene conjugue ; la r6sine 
thermoplastique (b) comprend au moins un composant choisi parmi une r6sine de chlorure de vinyle, une 
resine de polyurethanne et une resine de methacrylate ; I'agent de compatibilite (e) comprend (e-10) au moins 
un composant choisi parmi une resine olefinique halogenee. un copolymere de chlorure de vinyle et d'acetate 
de vinyle et un copolymere de compose vinylique aromatique, de nitrile a,p insature et de diene conjugue, ou 

(5) le caoutchouc ^ double liaison carbone-carbone (a) est un caoutchouc de copolymere d'ethyiene, d'a- 
olefine et de diene non conjugue ; la resine thermoplastique (b) est une resine olefinique cristalline ; et I'agent 
de compatibilite (e) comprend au moins un composant choisi parmi les agents de compatibilite (e*11), (e-12] 
et (e-13) suivants : 

(e-11) : un agent de compatibilite prepare par reaction & I'etat fondu d'une resine de polypropylene a 
groupe epoxy comme composant essentiel, avec au moins un composant choisi parmi les resines modi- 
fiees par Tanhydride maleique telles qu'un polyethylene a groupe anhydride maleique dans la molecule, 
un copolymere d'ethyiene d groupe anhydride maleique. dans la molecule, un copolymere sequence de 
styrene a groupe anhydride maleique dans la molecule, son produtt d'hydrogenation. un copolymere sta- 
tistique de styrene d groupe anhydride maleique dans la molecule et son produit d'hydrogenation, 
(e-12) : un agent de compatibilite prepare en faisant reagir a I'etat tondu un polypropylene k groupe an- 
hydride maleique dans la molecule comme composant essentiel, avec au moins une resine modifiee par 
des epoxy, choisie parmi un polyethylene e groupe epoxy dans ia molecule, un copolymere d'ethyiene ^ 
groupe epoxy dans la molecule, un copolymere sequence de styrene h groupe epoxy dans la molecule, 
son produit d'hydrogenation, un copolymere statistique de styrene k groupe epoxy dans la molecule et 
son produit d'hydrogenation, et 

(e-1 3) un agent de compatibilite prepare par traitement thermique dynamique, en presence d'un peroxyde, 
d'un melange d'un polypropylene comme composant essentiel. avec au moins une resine choisie parmi 
le polyethylene, un copolymere d'ethyiene. un copolymere sequence de styrene, son produit d'hydroge- 
nation, un copolymere sequence de styrene et son produit d'hydrogenation. 

Composition k base d'eiastomere thermoplastique seion la revendicatlon 1, dans laquelle I'agent de compatibilite 
(e) dans la partie (5). est ajoute selon une proportion de 0,5 k 20 parties en poids pour 100 parties en poids de la 
totalite du caoutchouc (a) et de la resine (b), cet agent de compatibilite (e) etant choisi parmi les agents de com- 
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patibilite (e-11) et (e-12) dans lesquels le rapport pondera) de la r^sine modifiee par groupe epoxy ^ la rdsine 
modifide par Tanhydride mal6ique, est de 10:90 ^ 90:10, et I'agent de compatibilitd (e-13) dans lequel le rapport 
pond^ral du polypropylene k la ou aux r^slnes cholsies parmi le groupe sp^cifiS en (5), est de 10:90 d 90:10. 

Composition ^ base d'elastomere thermoplastlque selon la revendlcation 1 ou 2, comprenant en outre (f) de 30 ^ 
300 parties en polds d'une hulle de type parafflne. 

Composition ^ base d'elastomere thermoplastlque selon Tune quelconque des revendications 1^3, dans laquelle 
le catalyseur d'hydrosilylation (d), est un catalyseur k base de m6tal de transition du groupe VIII ou un catalyseur 
de type peroxyde organique. 

Composition ^ base d'6lastomere thermoplastlque selon I'une quelconque des revendications 1 a 3, dans laquelle 
le catalyseur d'hydrosilylation (d) est dissous dans au moins un composant liqutde, ou supporte par au moins un 
composant solide. 

Composition k base d*6lastomere thermoplastlque seton I'une quelconque des revendications 1^3, dans laquelle 
I'agent de r6ticulation de type organosiloxane (c) comportant au moins deux groupes SIH dans la mol6cule, est 
un compose represente par la formule developpde (1), (2) ou (3) suivante : 



(polysiloxane cyclique) 
I 1 



I I I 

^ — (S i U) m 

1 

R 

(siloxane tetraedrique) 
R 

I 

Si - [OSiR], (2) 
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(polysiloxane linSaire) 



5 



R 



R 



R 



R - SiO - {SiO)„ - Si - R 



(3) 



10 



R 



R 



R 



dans laquelle m est un entier de 3 a 30, n est un entier de 0 ^ 200, R represente un atome d'hydrogdne, un groupe 
alkyle, un groupe alkoxy. un groupe aryle ou un groupe aryloxy, et au moins deux atomes de silicium, k chacun 
desquets Stent lie au moins un groupe R representant un atome d'hydrog§ne. sont presents dans la molecule. 
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